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FRONT COVER: In the foreground gray cyclonic
spirals of stratocumulus, as seen from the 54th Weather
Reconnaissance Squadron WC-130 aircraft, define the
eye of Typhoon Carmen (I5W). The brighter patches in
the mid-ground of the picture are more reflective water
droplet clouds in the eye wall, which contrast with the
other darker cloud debris and cirrus aloft. The previous
day Carmen (15W) passed just 50 nm (93 kin) north of
the island of Guam. At picture time, 042355Z October
1986, the aircraft reconnaissance mission (AF966 0715CARMEN) located the eye over the Philippine Sea 375

nm (695 kim) northwest of Guam (Photo courtesy of
Detachment 3, 1st Weather Wing and photographer
Susan K. Watters, Captain, USAF).
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KEPROjU0.LD AT GOVERNMENT EXPENSE:

1986 ANNUAL TROPICAL CYCLONE REPORT ERRATA SHEET

CHANGES FOLLOW.

1. Page iii - Add *Special thanks to Mr. Charles Mauck for his
assistance with data reduction.*

2. Page iv - TROPICAL CYCLONE - "(13) TY ABBEY* should read,
'(13) TY ABBY'.

3. Page vi - "CPA Closest Point to Approach' should read, "CPA
Closest Point of Approach'.

4. Page vi - "HATRACK" should read "HATTRACK'.

5. Page vi - definition for "INJAH" should read, 'North Indian
Ocean Component of TYAN'.

6. Page 2, under Section 4. ANALYSES, paragraph 2, in line 5 -
delete 'six' and replace with "three'. On the next line delete '29,000
feet (8,839 m)' and replace with "31,000 feet (9,448m)'.

7. Page 5, paragraph under Section 1. GENERAL, last line -
"1985' should read, "1986"..

8. Page 7, Figure 2-2 - arrow is missing that indicates NOAA9
operations extended through December.

9. Page 10, last paragraph - 'Tables 3-1 through 3-6" should
read, 'Tables 3-1 through 3-4'.

10. Page 26, expanded section of best track - the missing DTG
should be 18000OZ.

11. Page 52, Figure 3-08-2 - text of caption should be switched
with caption under Figure 3-08-5 on page 53 and visa versa.

12. Page 81, first line - delete 'digitally'.

13. Page 106, Figure 3-18-2 - surface pressure report '09' at
position 17.1N 154.3E should read, '009". Pressure report '08' at
position 14.5N 154.5E should read, '008', and '8" at 17.8N 150.8E should
read '008'.

14. Page 137, Figure 3-21-1 - on the image the labelling 'IDA*
should read *HERBERT' and 'JOE' should read, 'IDA'.

15. Page 133, Figure 3-25-1 - in first line of caption delete

"passed south' and insert 'was approximately 500 nm (926 km) southeast'.

16. Page 146 o Best track for TCO3A should appear on page 150.

17. Page 147, Figure 3-OIB-1 - on the image the labelling "TC06S"
should read "TC04S'.
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18. Page 150 - Best track of TCOIB should appear on page 148.

19. Page 151, Figure 3-03A-1 - in line 2 of the caption delete
Cyclone'

20. Page 151, Figure 3-03A-1 - image should be rotated clockwise
ninety degrees for proper orientation.

21. Page 171, in Section titled Tropical Cyclone Prediction
Research - Delete lines 19 through 24.

22. Page 171, in Section titled Automated Tropical Cyclone
Forecasting System, second paragraph - after line 2 insert the following
text:

tropical cylone warning procedure. New forecasters
can gather valuable hands-on experience of the
warning procedure during their training period."

Then add three additional blank lines before the start of the next
Section titled, Tropical Cyclone Inner Regional Circulation
Classification.

23. Page 172, Section titled Tropical Cyclone Condition Setting
Aid - after line 7, which ends with *evasion action that', delete the
next 3 lines and add the following:

would be unwarranted at lower risk levels. A rule
for deciding such actions can be derived on an
expected outcome basis (e.g. cost/benefits ratio).
The CHARM model is now being adapted for seven North
Pacific sites: Pearl Harbor, Guam, Subic Bay, Buckner
Bay, Yokosuka, Sasebo, and Pusan.*

24. Page 186, definition of TYPHOON/HURRICANE - in line 3 delete
'West' and insert 'East*.

25. Page 189 - in Sadler, J. C. reference "NAVENVPREDRSCHFACO"
should read, "NAVENVPREDRSCHFAC'.

26. Page 191 - "NOCD, DIEGO GARCIA (20" should read, "NOCD, DIEGO
GARCIA (2)'.
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FOREWORD

The Annual Tropical Cyclone Report is prepared Det 5, 2O7S, Clark AB. HP
by the staff of the Joint Typhoon Warnir Center
(JTWC), a combined USAF/USN organization operating Det 8, 2O, Kadena AB. Japan
under the cumand of the Commanding Officer, U.S.
Naval Oceanography Ccmmand Center/Joint Typhoon Det 15, 30WS. Osan AB, Korea
Warning Center, Guam. JTWC was established in April
1959 when USCINCPAC directed USCINCPACFLT to provide Air Force Global Weather Central.
a single tropical cyclone warning center for the Offutt AFB, Nebraska

western North Pacific region. The operations of JTWC
are guided by CINCPACINST 3140.1 (series). In addition, the Naval Oceanography Command Detach-

The mission of the Joint Typhoon Warning Center ment, Diego Garcia, and EMSP equipped U.S. Navy air-
is multi-faceted and includes: craft carriers have been instrumental in providing

vital satellite position fixes of tropical cyclones
1) Continuous monitoring of all tropical in the Indian Ocean.

weather activity in the northern and southern heml- Should JTW beccue incapacitated, the Alternate
spheres, frnm 180 degrees longitude westward to Joint Typhoon Warning Center (AJlWC) located at the
the east coast of Africa, and theprcumpt issuance of U.S. Naval Western Oceanography Center, Pearl Harbor,
appropriate advisories and alerts when tropical Hawaii, assumes warning responsibilities. Assistance
cyclone development is anticipated, in determining satellite reconnaissance requirements,

and in obtaining the resultant data, is provided by
2. Issuing warnings on all significant Dat 4, 20WS Hickam APB, Hawaii.

tropical cyclones in the above area of responsi- Changes to this year's publication include: raw
bility. fix data files usually printed in Annex A, plus the

raw warning, forecast and best track data, will be
3. Determination of reconnaissance available, upon request (the requested data will be

requirements for tropical cyclone surveillance and copied onto 5.25 inch "floppy" diskettes provided by
assignment of appropriate priorities, the requestor); statistical verification for

individual warnings for the North Indian Ocean and
4. Post-storm analysis of all significant all warnings in the southern hemisphere are not

tropical cyclones occurring within the western North provided; and, with reference to best track
Pacific and North Indian Oceans, which includes an philosophy, a conscious effort has been made to
in-depth analysis of tropical cyclones of note and extend the post-warning best tracks to provide better
all typhoons. verification for the 48- and 72-hour forecasts (this

has produced a larger sample and slightly highei ,
5. Cooperation with the Naval Environ- errors for the extended forecasts).

mental Prediction Research Facility, Monterey, A special thanks is extended to the men and
California, on the operational evaluation of tropical women of: 27th Information System Squadron,
cyclone models and forecast aids, and the development Operating Location C, for their continuing support by
of new techniques to support operational forecast providing high quality real-time satellite imagery;
scenarios. the Pacific Fleet Audio-Visual Center, Guam for their

assistance in the reproduction of satellite and
Satellite imagery used throughout this report graphics data for this report; to the Navy

represents data obtained by the tropical cyclone Publications and Printing Service Branch Office,
satellite surveillance network. The personnel of Guam; the Royal Observatory Hong Kong and Central
Detachment 1, IW, collocated with JTl at Nimitz Weather Bureau, Taiwan for radar scope photographs of
Hill. Guam, coordinate the satellite acquisitions and tropical cyclones; Mr. Ron Miller of NEPRF, for his
tropical cyclone surveillance with the following able assistance in data reduction, and Captain S. K.
units: Watters (USAF) for the cover photograph. N

Det 4, 2OWS, Hickam AFB, Hawaii

Note: Appendix IV contains information on how to obtain Accession For
past issues of the Annual Troical clone Report TIS CRA&I
(titled Annual Typhoon Report pror to . DTIC TAB

Unannounced
IJuatifioatio

trtbution/

-',ilability Codes

Avall and/or
;L , Spocial

III--

%',". " ' '"" """ " " . . """ " "", * ' "" "" """r ", o . "" "" """ "" " . ' '' ' ''' ... .. . ' - . * ., - . " j -.- " : ..- " ' : '
N, % . . " " " " " - , "- % - % - . - . . ..- - "- '% " " " . , .• ' • ." "• ." "• ", " ,



TABLE OF CONTENTS

CHAPTER I OPRATIONAL PROCEDIRES PACE
1. General --------- ----- ------ -- -- 1
2. Data Sources - 1
3. Caiication-s - 1
4. Analyses - 2
5. Forecast Aids 2
6. Forecasting Procedres --------- ------ -- 2
7. Warnings - --- ---------------- 3
8. Proostic Reasoning Mesages- ------------ 3
9. Tropical Cyclone Formation Alert- ----------- 3

10. Significant Tropical Weather Advisory---------- 3

CHAFIR II CNNAISSANCE AND FIXES
1. General ----- ----- ----- ----- ---- 5
2. Recormaissance Availability- -------------- 5
3. Aircraft Reconnaissance Summary- ------------ 5
4. Satellite Reconnaissance Sumary- ----------- 6
5. Radar Reconnaissance Sumary- ------------- 7
6. Tropical Cyclone Fix Data- - -------------- 7

CHAFER III SUMMARY CF WESTERN NORTH PACIFIC AND NORTH INDIAN OCEAN
IROPICALCYalmis
1.G Geeral- - ----- --------------- 9
2. Western North Pacific Tropical Cyclones--------- 9

INDIVIDUAL TROPICAL CYCLONES

TROPICAL CYCLONE AUTHOR PAGE TROPICAL CYCLONE AUIORC1q PAGE

(01W) TY JUDY SHOEMAKE - - 18 (iW) TY BEN CRBY - - 88
(02W) TY KEN HEISHMAN - - 22 (15W) TY CAMEN IREKSLER - 94
(03w) STY OIfA FATJO --- 26 (16W) TS DOM (]OSBY - - 98
(O4W) TS MAC BRY - - - 36 (17W) TY ELLEN FATJO - -- 100
(05W) TY NANCY BERRY - - - 40 (18W) TY FORREST CLARK - - - l04
(06W) TS OWEN GATANIS - - 44 (19W) TS GEORGIA BERR - - - 110
(07W) STY PEGGY GATANIS - - 46 (20W) TS HERBERT GATANIS - - 114
(08W) TY ROGER COU4BUS - - 50 (21W) TS IDA MUNDELL - - 116
(09W) TS SARAH BERRY - - - 54 (22W) TY JOE CR(OBY - - 120
(liE) TY GECRGET FATJO --- 58 (23W) STY KIM MEKSLER - 124
(10W) TY TIP FATJO - - - 59 (24W) TS LEX DREKSLE - 128
(UW) TY VERA WILLIAMS - - 68 (25W) TY MARGE BRRY - - - 132
(12W) TY WAYNE GATANIS - - 78 (26W) TY NORRIS BERRY - - - 136
(13W) TY ABBEY GATANIS - - 84

3. North Indian Ocean Tropical Cyclones -------- il14

INDIVIDUAL TROPICAL CYCLONES

TROPICAL CYCLONE AUTIM PAGE TROPICAL CYCLONE AUTHOR PAGE

TC01B FATJO -- - -146 lTO 28 MUNDL- 148

TC 03A BERRY -- - -150

CHAPTER IV SLNWAY OF SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL
CYCLONES
1. General --------- ----- ------ ---- 152
2. South Pacific and South Indian Ocean Tropical Cyclones -155

.IV

% V

-. . ,- e-. . -



CHAPTER V SLI44ARY OF FOIEXA VEIFICATION
1. Annual Forecast Verf ication -160
2. Comparison of Objective Techniques------ - -- --- 167

CHA-" R VI HAVENVPRERSCFAC TROPICAL CYCLONE SUPPORT SUOARY -.- 171

ANEX A TROPICAL CYCNE TRAC AND FIX DATA
1. General -- -- -------- ---------- --- 173
2. Western North Pacific Data------------- --- 173

APPENDICES I. Definitions - ----------------- --- 186

II. Names of Tropical Cyclones------------- --- 187
III. References- - ----------------- --- 188
IV. Past Annual Tropical Cyclone Reports------- --- 190

DISTRIBU)TION -------------------------------- 191

V
. ..

%. 

.

. . . . . . . . . . . . . . . . . . . . . . . . .



CONTRACTIONS

AB MAG Absolute Magnitude Elongated

ACCRY Accuracy ELEV Elevation

AC--! Aircraft EXP Exposed

ADP Automated Data Processing F1 Forecast Intensity (Dvorak)

AFGWC Air Force Global Weather Central FLT Flight

AIREP Aircraft Weather Report(s) FNOC Fleet Numerical Oceanography
(Comercial and Military) Center

ANT Antenna FT Feet *

ACR Area of Responsibility GMT Greenwich Mean Time

APIRN Apparent GOES Geostationary Operational
E ivironmental Satellite

APT Automatic Picture Transmission
HA hCK Hurricane and Typhoon Tracking

AM Aerial Reconnaissance Steering Program
Weather Officer

HOiT Height
AT]! Attenuated HPAC Mean of XRP and CLI1 Techniques

AVG Average (Half Persistence and Climatology)

AWN Automated Weather Network HR(S) Hour(s)

BPAC Blended Persistence and Climatology HVY Heavy

BRG Bearing ICAO International Civil Aviation
Organizat ion

BT LAT Best Track Latitude INIT Initial

)4H9] !XN Best Track L ongtude
INJAH North Indian Ocean Component

BT WN Best Track Wind INST Instruct ion

CDO Central Dense Overcast IR Infrared

CI Cirriform Cloud or Cirrus
also Current Intensity (Dvorak) 1M Kilmeter(s)

* CINCPAC Commander-in-Chief Pacific KT Knot(s)
AF - Air Force. FLT - Fleet (Navy)•LLCC Low-laevel Circulation Center

CLD Cloud
LVL Level

C IM Climatology
M Meter(s)

(i CSD Closed
-C 

M/S Meter(s) per Second
C24 Centimeter 1A aiuMAX Naximm

SCHN Center
MMB illibar(s)

CPA Closest Point to Approach
M Meteorological

CSC Cloud System Center
%"MIN Minimun

CYCLoPs Tropical Cyclone Steering Program
Vi(HK]TRTACK and MOHA?]!) MOHAT]! Mdif ied HATT!RAO1(

DEG Degree MDVG Moving

DIAM Diameter K5LP Minimm Sea-level Pressure

DIR Direction MSN Mission

DMSP Defense Meterological Satellite NAV Navigational
Proram NDN Naval Enviromental Data NetworkO ST Distane

NEDS Naval Environmental Display Station
DIG Date Time Group

VI

%~ % % '* Th~



lER Naval Environmental Prediction TCH Tropical Cyclone ModelResearch Facility TD Tropical Depression

IESDIS National Envirormental Satellite,
Data, and Information Service TDO Typhoon Duty Officer

NET Near Equatorial Trougb TIROS Television Infrared Observational
Satellite

HK Nautical ile(s)
TPAC Extrapolation and Climatology

N/O Not Observed Blend

NOAA National Oceanic and Atmospheric TS Tropical Storm
Administration

Ty Typhoon
NOlC Naval Oceanography Commnd Center

TYAN Typhoon Analog Prgram

?DGAPS Navy Operational Global Atmospheric W
Prediction System TYFN Western North Pacific Component

(Revised) of TYAN
1NCK Nested Tropical Cyclone Model tlT Tropical Upper-Troposphric
NWOC Naval Western Oceanography Center Trou-

NR Number ULAC Upper-Level Anticyclone

NRL Naval Research Laboratory ULOC Upper-Level Circulation Center

OBS Observations VEL Velocity

- CH One Way (Interactive) Tropical VIS Visual
Cyclone Yodel

WII! Vector Movement (ddft)
PAOCK Pacific Command

WESP'AC Western (North) Pacific
PCN Position Code Number

WHO World Meteorology Organization
ER Position Error

WND Wind
PSN.. Possible

WRNG(S) Warning(s)
PTLY Partly

W Weather Reconnaissance Squadron
@UAD Quadrant

W ER Wind Warning Error
RADCS Radar C ervation '

Wt Warning NmerR Reconnaissane'
XTRP Extrapolation

JUG Range
Z Zulu Tim

Rr Right (Greenwich Mean Time)

SAT Satellite 24 ER 24-Hour (Position) Error

Surface 48 ER 48-Hour (Position) Error

SP Sea-Level Pressure 72 ER 72-Hour (Position) Error

SRP Selective Reconnaissance Program 24 WE 24-Hour Wind (Warning) Error

STNRY Stationary 48 WE 48-Hour wind (Warning) Error

SSr Sea Surface Temperature 72 WE 72-Hour Wind (warning) Error

ST Subtropical

STR Subtropical Ridge .

STY Super Typhoon

TAFT Typhoon Acceleration
Prediction Technique

'IC Tropical Cyclone

'TARC Tropical Cyclone Aircraft
Recoraissance Coordinator

T(PA Tropical Cyclone Formation Alert

VII



CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typbocr Warning Center (JTWC) provides In addition, wind and pressure-height data at
a variety of routine services to the organizations the 500 and/or 400 mb levels, provided by the
within its area of responsibility, including: aircraft while enroute to, or fron fix missions, or

during dedicated synoptic-scale flights, provide a
a. Significant Tropical Weather Advisories: valuable supplement to the all too sparse data fields

issued daily, these products describe all tropical of JTWC's area of responsibility. A more detailed
disturbances and assess their potential for further discussion of aircraft weather reconnaissance is
development during the advisory period; presented in Qhapter II.

b. Tropical Cyclone Formation Alerts: issued d. SATELLITE RE0NAISSANCE:
wh en synoptic, satellite anid/or aircraft
reconnaissance data indicate development of a Meteorological satellite data obtained from the
significant tropical cyclone in a specified area is Defense Meteorological Satellite Program (DMSP) and
likely; National Oceanic and Atmospheric Administration

(NOA) spacecraft played a major role in the early
c. Tropical Cyclone Warnings: issued detection and tracking of tropical cyclones in 1986.

periodically throughout each day for significant A discussion of the role of these programs is
tropical cyclones, giving forecasts of position and presented in Chapter II.
intensity of the system; and

e. RADAR REONAISSANCE:
d. Prognostic Reasoning Messages: issued twice

daily for tropical storms and typhoons in the western During 1986, as in previous years, land-based
North Pacific; these messages discuss the rationale radar coverage was utilized extensively when
behind the most recent JTWC warnings. available. Once a tropical cyclone moved within the

range or land-based radar sites, their reports were
The recipients of the services of JTWC essential for determination of small-scale movement.

essentially determine the content of JTWC's products Use of radar reports during 1986 is discussed in
according to their ever charging requirements. Chapter II.
Therefore, the spectrum of routine services is

* subject to charge from year to year. Such changes
are usually the result of deliberations held at the

" Annual Tropical Cyclone Conference. 3. COMMUNICATIONS

- ha. JTWC currently has access to three primary

2. DATA SOURCES communications circuits.

(1) The Automated Digital Network (AUIODIN) is
a. COMPUTER PFCJUCTS: used for dissemination of warnings, alerts and other

related bulletins to Department of Defense
A standard array of synoptic-scale computer installations. These messages are relayed for

analyses and prognostic charts are available from the further transmission over U.S. Navy Fleet Broadcasts,
Fleet Numerical Oceanography Center (FLENUMCCEANCEN) and U.S. Coast Guard CW (continuous wave orse Code)
at Monterey, California. These products are provided and voice broadcasts. Inbound message traffic for
to J7WC via the Naval Environmental Data Network JTWC is received via AUTODIN addressed to
(NEN). NAVOCANOMOCE GQ or DET 1 1WW NIMITZ HILL GQ.

b. CONVENTIONAL DATA: (2) The Air Force Automated Weather Network
(AWN) provides weather data to J1WC through a

This data set is comprised of land-based and dedicated circuit from the Automated Digital Weather
shipboard surface and upper-air observations taken Switch (ADWS) at Hickam AFB, Hawaii. The ADWS
at, or near, synoptic times, cloud-motion winds selects and routes the large volume meteorological
derived twice daily from satellite data, and enroute reports necessary to satisfy JTWC requirements for
meteorological observations from commercial and the right data at the right time. Weather bulletins
military aircraft (AIREPS) within six hours of prepared by JTWC are inserted into the AWN circuit
synoptic times. Conventional data charts are prepared via the Naval Environmental Display Station (NEDS)
daily at 0000Z and 1200Z using computer- and through the Nimitz Hill Naval Telecommunications
hand-plotted data for the surface/gradient and 200 mb Center (NTCC) of the Naval Communications Area Master

* (upper-tropospheric) levels. In addition to these Station Western Pacific.
analyses, charts at the 925, 850, 700, 500 and 400 mh
levels are computer-plotted from rawinsonde/pibal (3) The Naval Envirormental Data Network (NEDN)
observations at the 12-hour synoptic times, is the communications link with the computers at

FLENUMCCEANCEN. JTWC is able to receive
c. AIRCRAFT RECONNAISSANCE: environmental data from FLENU 0CEANCEN and provide

data directly to the computers to execute numerical
Data provided by aircraft weather reconnaissance techniques.

are invaluable for locating the position of the
center of developing systems and essential for the b. NEDS has been the backbone of the JTNC
accurate determination of: communications system for several years. Currently,

JTWC is undergoing an upgrade that will make use of
- maximum surface and flight-level wind microcomputer technology and automate much of the
- minibu sea-level pressure work that goes into message preparation and
- horizontal surface and flight-level wind transmission. Tis will decrease the workload on the

distribution NEDS and allow J7WC to interface directly with NICC
- eye/center temperature and dew point for AWN and AUTODIN messages.
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4. ANALYSES 6. FORECAST PROCEDURES

A composite surface/gradient level (3000 ft a. INITIAL POSITIONING
(914 m)) manual analysis of the JTWC area of
responsibility is acompllished on the OOOOZ and 1200Z The warning position is the best estimate of the
conventional data. Analysis of the wind field center of the surface circulation at synoptic time.
using streamlines is stressed for tropical and It is estimated from an analysis of all fix
subtropical regions. Analysis of the pressure field information received up to one and one-half hours
outside the tropics is accomplished routinely by the after synoptic time. This analyeis is based on a
Naval Oceanography Command Center Operations watch semi-objective weighting of fix information based on
team and is used by JTWC in conjunction with their the historical accuracy of the fix platform and the
analysis of the tropical wind fields. meteorological features used for the fix. The

interpolated warning position reduces the weighting
A composite upper-tropospheric manual streamline of any single fix and results in a more consistent

analysis is accomplished daily utilizing rawinsonde movement and a warning position that is more
' data from 300 mb through 100 rob, winds obtained from representative of the larger-scale circulation. If

satellite-derived cloud motion analysis, and AIREPS the fix data are not available due to reconnaissance
(taken plus or minus six hours of chart valid time) platform malfunction or cmmunication problems,
at or above 29.000 feet (8,839m). Wind and height synoptic data or extrapolation from previous fixes
data are used to generate a representative analysis are used.
of tropical cyclone outflow patterns, mid-latitude
steering currents, and features that may influence b. TRACK FCORECASTING
tropical cyclone intensity. All charts are
hand-plotted in the tropics to provide all available A preliminary forecast track is developed based
data as soon as possible to the Typhoon Duty Officer on an evaluation of the rationale behind the previous
(TDO). These charts are augnented by warning and the guidance given by the most recent
camputer-plotted charts for the final analysis. set of objective techniques and numerical prognoses.

This preliminary track is then subjectively modified
" Computer-plotted charts for the 925, 850, 700, based on the following considerations:

500 and 400 mb levels are available for streamline
and/or height-change analysis from the 0000Z and (1) The prospects for recurvature cr erratic
1200Z data base. Additional sectional charts at movement are evaluated. This determination is based
intermediate syi.optic times and auxiliary charts, primarily on the present and forecast positions and
such as station-time plot diagrams and amplitudes of the middle-tropospheric, mid-latitude
pressure-change charts. are also analyzed during troughs and ridges as depicted on the latest
periods of significant tropical cyclone activity, upper-air analysis and numerical forecasts.

(2) Determination of the best steering level
is partly influenced by the maturity and vertical

5. FORECAST AiDS extent of the tropical cyclone. For mature tropical
cyclones located south of the subtropical ridge axis,

The following objective techniques were employed forecast changes in speed of movement are closely
in tropical cyclone forecasting during 1986 (a correlated with anticipated changes in the intensity
description of these techniques is presented in or relative position of the ridge. When steering
Chapter V): currents are relatively weak, the tendency for

tropical cyclones to move northward due to internal
a. MOVEN forces is an important consideration.

(1) 12-HCUR EXTRAPOLATION (3) Over the 12- to 72-hour (12- to 48-hour
in the southern hemisphere) forecast period, speed of

(2) CLIMATOLOGY movement during the early forecast period is usually
biased towards persistence, while the later forecast

(3) COSM (Model Output Statistics) periods are biased towards objective techniques.
When a tropical cyclone moves poleward, and toward

(4) NTCM (Nested Grid Dynamic Model) the mid-latitude steering currents, speed of movement
becomes increasingly more biased toward a selective

(5) OTCM (Dynamic Model) group of objective techniques capable of estimating
acceleration.

(6) TAPT (Empirical)
(4) The proximity of the tropical cyclone

(7) TPAC (Extrapolation and Climatology to other tropical cyclones is closely evaluated to
Blend) determine if there is a possibility of binary

interaction.
(8) TYAN78 (Analog)

A final check is made against climatology to
determine whether the forecast track is reasonable.

* b. INTENSITY If the forecast deviates greatly from one of the
climatological tracks, the forecast rationale may

(1) CLIMATOLOGY be reappraised.

(2) DVORAK (Empirical) c. INTENSITY FORECASTING
1 (3) THETA E (Empirical) For this parameter, heavy reliance is placed

on intensity trends from aircraft reconnaissance
reports, wind and pressure data from ships and land

c. WIND RADIUS stations in the vicinity of the tropical cyclone,

2
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" the Dvorak satellite empirical model and climatology. Warning forecast positions are later verified
An evaluation of the entire synoptic situation is against the corresponding "best track" positions

Smade. including the location of major troughs and (obtained during detailed post-storm analysis to
. ridges, the position and intensity of any nearby determine the actual path and intensity of the

tropical upper-tropospheric troughs (=UITs), the cyclone). A sumwary of the verification results for
vertical and horizontal oxtent of the tropical 1986 for the North Indian and western North Pacific
cyclone's circulation and the extent of the Ocean is present in Chapter V.
associated upper-level outflow pattern. An essential
element affecting each intensity forecast is the
accompanying forecast track and the environmental 8. PROGNOSTIC REASONING
influences along that track, such as terrain, MESSAGES
vertical wind shear, and the existence of an
extratropical envirorment.

For tropical storms and typhoons in the western
-Once the forecast intensities have been derived, North Pacific Ocean, prognostic reasoning messages

the horizontal distribution of surface winds (winds are transnitted following the OOOOZ and 1200Z
greater than 30-. 50-. and 100-knots) is determined. warnings, or whenever the previous forecast reasoning
The most recent wind radii and associated asymmetries is no longer valid. This plain larguage message is
are deduced from all available surface wind intended to provide meteorologists with the reasoning
observations and reconnaissance aircraft reports. behind the latest forecast.
Based on the current surface wind distribution,
preliminary estimates of future wind radii are In addition to this message, prognostic
provided by an empirically derived objective reasoning information applicable to all customers is
technique. These estimates may be subjectively provided in the remarics section of warnings when
modified based upon the anticipated interaction of significant forecast changes are made or when deemd
the tropical cyclone's circulation with forecast appropriate by the TDO.
locations of large-scale wind regimes and significant
land masses. Other factors including the tropical
cyclone's speed of rvement and possible 9. TROPICAL CYCLONE
extratropical transition are also considered. FORMATION ALERT

Tropical Cyclone Formation Alerts (TAs) are
7. WARNINGS issued whenever interpretation of satellite imagery

and other meteorological data indicate that the
Tropical cyclone warnings are issued when a formation of a significant tropical cyclone is

closed circulation is evident and maximum sustained likely. These formation alerts will specify a valid
winds are forecast to increase to 34 knots (18 period not to exceed twenty-four hours and oust
meters per second) within 48 hours, or if the either be cancelled, reissued, or superseded by a
tropical cyclone Is in such a position that life or tropical cyclone warning prior to the expiration of
property may be endangered within 72 hours. Warnings the valid time.
may also be issued in other situations if it is
determined that there is a need to alert military or
civil interests to threatening tropical weather 10. SIGNIFICANT TROPICALconditions. WEATHER ADVISORY

Each tropical cyclone warning is numbered
sequentially and includes the'following information: This product contains a general, non-technical
the position of the surface c4nter; estimate of the description of all tropical disturbances in J'l 's
position accuracy and the supporting reconnaissance area of responsibility (AOR) and an assessment of
(fix) platforms; the direction and speed of movement their potential for further (tropical cyclone)
during the past six hours (past 12-hours in the development. In addition, all tropical cyclones in

* southern hemisphere); the intensity and radial extent warning status are briefly discussed. Two separate
of over 30-, 50-, and 100-knot surface winds, when messages are issued daily and are valid for a 24-hour
applicable. At forecast intervals of 12-, 24-, 48-, period. The Significant Tropical Weather Advisory
and 72-hours (12-, 24-, and 48-hours in the southern for the western Pacific Ocean (ABPW P"1W) covers the
hemisphere), information on the tropical cyclone's area east of 100 degrees East Longitude to the
anticipated position, intensity and wind radii are dateline and is issued by 0600Z. The Significant
also provided. Vectors indicating the mean direction Tropical Weather Advisory for the Indian Ocean (ABIO
and mean speed between forecast positions are also PGTW) covers the area west of 100 degrees East

*included in all warnings. Longitude to the coast of Africa and is issued by
1800Z. It is reissued whenever the situation

Warnings in the western North Pacific and North warrants. For each suspect area, the words "poor",
Indian Oceans are issued every six hours valid at "fair", and "good" are used to describe the potential
standard times; OOOOZ. 0600Z, 1200Z and 1800Z (every for further development. "Poor" is used to describe
12-hours; 0000Z, 1200Z or 0600Z, 1800Z in the a tropical disturbance that is not expected to
southern hemisphere). All warnings are released to require a TCFA during the advisory period; "fair" is

* the ocmmunications network no earlier than synoptic used to describe a tropical disturbance that is
time and no later than synoptic time plus two and currently not covered by a TCFA, but for which it is
one-half hours so that recipients will have a likely that a TICFA will be issued during the advisory
reasonable expectation of having all warnings "in period; and "good" is used when the tropical
hand" by synoptic time plus three hours (0300Z, disturbance is covered by a TCA.
0900Z, 1500Z and 2100Z).
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CHAPTER II - RECONNAISSANCE AND FIXES

1. GENERAL

Th Joint Typhoon Wwr1.n Center depende on d. Synoptic
reocremisamnos to provide necessary, accurate. and
timly meteorological 1nfozation In sipport of each JTWC also determines tropical cyclone positions

nlaIng. JTW relies primarily on three based on the analysis of the surface/gradient-level
recmaisaance platform: aircraft, satellite, and synoptic data. These positions were helpful in
radar. In data rich areas. synoptic data are also situations where the vertical structure of the
used to supplement the above. Optlmum utilization of tropical cyclone was weak or accurate surface
all available recorraissance resources is obtained positions from aircraft or satellite were not
through the Selective Reconmaissance Program (SHP); available.
various factors are con idered in selecting a
specific recrmaissance platform including 3. A I R C R A F T
capabilities and limitations, and the tropical
cyclone's threat to life and property both afloat and RECONNAISSANCE
ashore. A summry of reconnaissance fixes received S U M M A R Y
during 1985 is included in Section 6 of this chapter.

During 1986. JTWC levied requirements for 250
2. RECONNAISSANCE vortex fixes and 73 investigative missions of which 9

AVAILABILITY were flown into disturbances that did not develop. In
addition to the levied fixes, 206 intermediate fixes

a. Aircraft were also obtained. Thirty-six synoptic missions
were requested and flori to provide mid-level

Aircraft weather reconnaissance for the JTW is steering information. The average distance error for
performed by the 54th Weather Reconnaissance Squadron all aircraft fixes received at JTWC during 1986 was
(54th WRS) located at Andersen Air Force Base, Guam. 13 m (24 km).
The 54th WRS only averaged three to four Aircraft reconmaissance effectiveness is
storm-capable aircraft (six assigned) throu out the summarized in Table 2-1. The manner in which the
entire year. On April 8th. five of the 54th WRS's aerial reconnaissance mission is graded changed
six WC-130 aircraft were grounded for cracked wings during 1986. A new Mission Effectiveness Grading
(the sixth was previously grounded for major (MEG) system was tested operationally. No longer is
maintenance repairs). This left the unit with no the early, late or on-time criteria being used. The
storm-capable aircraft for a short period of time new system graded the performance of the mission as
until replacements began arriving from the 53rd WRS, satisfactory, degraded but satisfactory,
Keesler Air Force Base, Mississippi. Duing the unsatisfactory or missed. A mission could be
period I August - 5 October, two 53rd WRS WC-130 degraded if certain critical weather parameters were
aircraft and crewa were in place to augment 54th WRS not obtained such as temperature, dew point, minimum
resources. But during this period. Joint Chiefs of sea-level pressure, flight-level height in meters,
Staff tasking took away two WC-130 aircraft from the etc. Also if too much time or too little time
54th WRS, resulting in no net aircraft augentation elapsed between the primary and intermediate fixes,
for the season. The JTW aircraft reconnaissance the mission could be degraded and yet be
requiremnts are provided daily to the Reconnaissance satisfactory.
Coordinator (TCARC). The TCARC then marries the
tasking fro JTWC with the available airframes from
the 54th AS.

As in previous years, aircraft reconnaissance T 2-1. -- N-,. uoOSz MCTI
provides direct measurements of standard
pressure-level height, temperature. flight-level cL.asIXon To1

winds. sea-level pressure, estimated surface winds 2.05
" (when observable ), and numerous additional MOT 73 70 .

parameters. The meteorological data are gathered by 70 3 9.9

the Aerial Reconnaissance Weather Officer (AMI/) and SIMoC TRACKS 36 30 6 63.33

" dropsonde operators of Detachment 3, ist Weather Wing

who fly with the 54th WRS. These data provide the
Typhoon Duty Officer (TDO) with indications of TOTAL

tropical cyclone position and intensity. Another fix oUzSons TA3E 2 ---
* important aspect is the availability of the data for S 'wm ORo .os

. technique development and tropical cyclone research. ( M?037) 57 22.81

b. Satellite UA53070MC17t, 40 16.05

" Satellite fixes from USAF/USN ground sites and
USN Ships provide day and night coverage in JTW's v,,0,3-,90 u37 10 3.01

area of responsibility. Interpretation of this ,90, 80Z 0, .o1972 624 126 0O.25)

satellite Imagery provides tropical cyclone positions 1973 227 13 S.7T

and estimates of current and forecast intensities 4975 217 7 3.21
through the Dvorak technique. 3976 317 1; 3.50

347;7 203 3 0.50
1976 296 2 0.711

c. Radar ,979 233 14 3.9
'980 213tI %

198 1 203 3 .50
;92 270 17 6.20

Land-based radar provides positioning data on "93 157 1 3.

well-developed tropical cyclones when in the , 2, 0 6.7

proximity (usually within 175 nm (324 In)) of the ,9, 250 30 A.0"

0 radar sites in the Philippines. Taiwan, Hong Kong. . DAIS Poll ,905.
* Japan, South Korea. Kwajalein. and Guam.

5

%
% % % . ., • . . '. . "- " "•". . . . ,

" 
,. . ,. -. * ".. .% .

% 
. , . , . % " " . ' %

_% , -, -?% ,% ." / ; -. -. , .- , .. . . .., - .., .- , , . .-, . .' . . ., . . . '. ' .' , . .% '. , , , , .. . ., ., ' . ., , -



4. SATELLITE estimates. When a particular fix is important to thedevelopment of JTC's next tropical cyclone warning.

RECONNAISSANCE two sites are tasked to fix the tropical cyclone from

* SUMMARY the same satellite pass. This "dual-site" concept
, provides the necessary redundancy to virtually

T The Air Force provides satellite reconnaissance guarantee J7WC an accurate satellite fix on the
support to JTW through a tropical cyclone satellite tropical cyclone.
surveillance network consist'.ng of both tactical and The network provides J7NC with several products
centralized facilities. Tactical BMSP sites and services. The main service is one of monitoring
monitoring DMSP, NOAA and geostationary satellite its AOR for indications of tropical cyclone
data are located at Nimitz Hill, Guam; Clark AB, development. If an area exhibits the potential for
Republic of the Philippines; Kadena AB, Okinawa, development, J7TC is notified. Once J7 issues
Japan; Osan AB. Republic of Korea; and Hickam AFB. either a Tropical Cyclone Formation Alert or warning.
Hawii. These sites provide a combined coverage that the network is tasked to provide three products:
includes most of JTWC's area of responsibility in the tropical cyclone positions, intensity estimates and
western North Pacific from near the dateline westward forecast intensities. Each satellite tropical
to the Malay Peninsula. For the remainder of its cyclone position is assigned a Position Code Number
AOR, J.TC relies on the Air Force Global Weather (PCN) to indicate the accuracy of tle fix position.
Central (AFGWC) to provide coverage using stored This is determined by the availability of visible
5atellite data. The Naval Oceanography Commnld landmarks in the image for precise gridding, and the
Detac ent, Diego Garcia, provides NOAA polar degree of organization of the tropical cyclone's
orbiting coverage in the central Indian Ocean as a cloud system (Table 2-2).
supplement to this support. U.S. Navy ships equipped
for direct readout also provide supplementary TABLE 2-2. POSITION CODE NUMBERS
support.

AFGW, located at Offutt AFB, Nebraska. is the
centralized member of the tropical cyclone satellite PCN METHOD OF CENTER DETERINATION/GRIDDING
surveillance network. In support of JTWC, AFGWC
processes stored imagery from CMSP and NOAA
spacecraft. Imagery recorded onboard the spacecraft 1 EYE/GEOGRAPHY
as they pass over the earth is later downlinked to 2 EYE/EPHEMERIS
AFGWC via a network of command readout sites and WELL-DEFINED CIRCULATION CTR/G HY
cammunication satellites. This enables AFGC to 4 WELL-DEFINED CIRCULATION CENTER/EPHMERIS
obtain the coverage necessary to fix all tropical
systems of interest to JTWC. AFGWC has the primary 5 POORLY DEFINED CIRCULATION CENTER/GEOGRAPH!
responsibility to provide tropical cyclone 6 POORLY DEFINED CIRCULATION CENTER/EPHIRIS
surveillance over the entire Indian Ocean. southwest I
Pacific, and the area near the dateline.
Additionally. AFGWCC can be tasked to provide tropical During 1986, the network provided JTW with a
cyclone positions in the entire western North Pacific total oF 2693 satellite fixes on tropical systems in

* as backup to coverage routinely available in that the western North Pacific. This is a record number
region, of fixes for the year. Another 57 fixes were made

The hub of the network is Detachment 1, First for tropical system in the North Indian Ocean. A
Weather Wing (Det 1, IWW), colocated with JTWC on comparison of those fixes of numbered tropical
Nimitz Hill, Guam. Based on available satellite cyclones in the western North Pacific with their
coverage, Det 1, 1WW is responsible for coordinating corresponding JT1C best track positions is shown in
satellite reconnaissance requirements with JTWC and Table 2-3a (Comparison of fixes with the
tasking the individual network sites for the corresponding best track for the South Pacific and
necessary tropical cyclone fixes and intensity Indian Oceans are presented in Table 2-3b).

TABLE 2-3A. MEAN DEVIATION (NM) OF ALL SATELLITE DERIVED TROPICAL
CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS
IN THE WESTERN NORTH PACIFIC AND NORTH INDIAN OCEANS.

NUMBER OF CASES IN PARENTHESES.

WESTERN NORTH PACIFIC OCEAN NORTH INDIAN OCEAN

1976-1985 AVERAGE 1986 1980-1985 AVERAGE 1986

PCN (ALL SITES) (ALL SITES) (ALL SITES) (ALL SITES)

1 13.6 (1632) 17.7 (188) 16.7 (40) (0)
2 16.6 (1792) 16.0 (450) 18.9 (7) (0)
3 20.9 (2367) 26.6 (204) 17.6 (21) 161.6 (1)
4 22.9 (1300) 29.4 (398) 58.3 (10) (0)
5 37.4 (4381) 45.1 (322) 33.5 (220) 87.4 (12)
6 39.5 (3250) 40.8 (1125) 37.5 (203) 106.1 (22)

1&2 15.2 (3424) 16.5 (638) 17.2 (47) (0)

3&4 21.6 (3667) 28.5 (602) 33.0 (31) 161.6 (1)

5&6 38.3 (7631) 41.8 (1447) 34.7 (423) 99.5 (34)

TOTALS (14722) (2687) (501) (35)
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appearance of "railroad track-like" lines thrvugh the
TABLE 2-3B. MEAN DEVIATION (104) OF ALL SATELLITE DERIVED center of its High Resolution Picture Transmissions

TROPICAL CYCLONE POSITIONS IN THE SOUTH (HRP'P) imagery. But by 17 Novi* r. it had again
PACIFIC AND SOUTH INDIAN OCEANS. been placed on standby (with HRPI2 and Autoatic
NUMBER OF CASES IN PAENTHESES. Picture Transmission (APT) turned off). and was$ 1986 replaced by the newly-launched NOKAA 10. W)AA 10 and

NOAA 9 have had no major problem providing
PCM (ALL SITES) highr-quality Imagery through the remainder of' the

118.3 (118) year.
2 15.6 (1411)
3 39.5 (55)

123.9 (1)5. RADAR
5 46.7 (158)
6 36.1 (1012) RECONNAISSANCE
1&2 16.3 (192) SUMMARY

3&4 29.1 (166) Eighateen of the 27 significant tropical cyclones
in the western North Pacific during 1986 passed

546 37.5 (1170) within range of land-based radar with sufficient
TOTAS (128)cloud pattern organization to be fixed. The
TOTA.S (528)land-based radar fixes that were obtained and

Ptransmitted to J'NC totaled 899. Only one r-adar fix
atimstes of' the tropical cyclone's current Intensity was obtained by reconnaissance aircraft.

and 21-hour intensity forecast are made every 12 The W<V radar code defines three categories of
hours by applying the Dvorak technique (NOAA accuracy: good (within 10 km (5 rim)), fair (within
Technical Report NESDIS 11) to visual and enhanced 10-30 kom (5-16 rim)).* and poor (within 30-50 kmn (16-27
infrared imaery (Figuzre 2-1 and Table 2-4I). rn)). Of the 900 radar fixes coded in this mnnrer;

_________________________________243 were good. 257 were fair, and 4100 were poor.
~ ~.. Compared to JTI'v's best track, the mean vector

deviation for land-based radar sites was 16 rn (29
il 'P ct~pIank). Excellent support through timenly and accurate

* ~ ~ , - cp. ~ radar fix positioning al lowed JTWC to track and
'A. ~' +*~'1f.' _ forecast tropical cyclone mvment through even the

5P. , *k~d'.7 * . mst difficult erratic tracks.
As in previous years. no r-adar xvports were

received on North Indian Ocean tropical cyclones.

+ D' 6. TROPICAL CYCLONET.J SL..-HRS FIX DATA

T..I TI) oWi A total of 3868 fixes on 27 western North
__________________________ Pacific tropical cyclones and 59 fixes on 3 North

Indian Ocean tropical cyclones were received at JTWC.
Figure 2-1. Dvorak code for comunliicatng titinuas Table 2-5A. Fix Platform &umary, delineates the
of current and forecast intensity derived from satellite raimber of fixes per platform for each individual
data. In time example. the current T-nwnber is 33,. but tropical cyclone, Season totals and percentages are
the current intensity estimate is 4.5 (equivalent to 77 kt also indicated. (Table 2-513 provides the sam
(40 rrdsec)). The cloud system has weakened by I15 information for the South Pacific and South Indian
T-nwnbers since the previous evaluation conducted 24 Oans.)
hours earlier. The plus (+) symbol indicates an expected
reversal of the weakening trend or very little further
weakening of the tropical cyclone during the next
24-how period. TABLE 2-41. MAXIMUM SUSTAINED WIND SPEED (K(T)

AS A FuNCTION OF DVORAK CI & FI
Figure 2-2 shows the status of operational polar (CURRENT AND FORECAST INTENSITY)

porbiting spacecraft. Four were available. on the NUMBER AND MINIMUM SEA-LEVEL
average. throughout the year. The two CN.SPPRSUE(L)
satellites, 17540 (A6) and 18541 (F7). operatedPRSUEML)
reliably througi the year with only occasional minor
Iagery loss duem to seasonal repositioning of a glare TROPICAL CYCLONE WIND MSLP
obstructor (GLO) on the F6 spaecraft. NOKAA INTENSITY NUMBER SPEED (NW PACIFIC)

paeeraft did not fare as well. Ona January 13t.

V1Oin, pa.AArT~m 196 0.0 (25
JMM O M Y M L49 S OT Y W0.5 25

NA AI A JL U1.0 25 --

A" (065I LS!) I lowl 1.5 25
UBAA (1031 LIT) A 000012.0 30 1000

A 10 (0730 LIY) D IMNE 2.5 35 997
________________________3.0 415 991

ow VA (0612 tI?) A _______________ _3.5 55 9811
OMP p, (1010 L~S) A 4.0 65 976

A11.5 77 966
ago, LIcuALt 5.0 90 953

A 5.5 102 911
I in6.0 115 927

NDA6 was retwumd to service rv standby moeto 6.5 127 9111
replaoe an ailIing I(AA 8. Cnly partial ly 7.0 150 8798
operational, 1U3AA 6 served as the primary morning 8.0 170 859
spacecraft for most of 1986. Its most serious8.1785
limitation (for Det 1, lW's opereations) Was the _____________________
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Il

T8JIZ 2-5. FIX P.ATFORM 3MA*I FOi 1986

V ISONEt OR PACIFIC AIICRAIT SATU.LLIU RA" SYNOPTIC TOTAL

TV JUDI (olv) 9 84 0 0 93
TY r (02M) S 97 0 0 105

3T LOLA (031) 10 92 0 0 102
T3 MC (0w) 4 10 27 0 135
IT NANCY f05) A 60 26 0 90
TS 0W (06) 8 49 0 0 57
ST PCOOT (07w) 16 179 40 0 235
yyaOCK (088) 10 98 82 0 190
TS SABAH (098) 8 112 2 0 122
TY Gl0sca (113) 9 93 0 0 102
TY TIP (ION) 10 91 0 0 101
TVVIA (11V) 20 190 To 0 280
T WAYN (121) 18 257 374 3 652

Ty ANSI (13w) 10 93 79 1 183
TY ah (1y) 21 117 0 0 168
ITCAR (15v) 11 99 7 0 117
1 anSG (16g) 1 56 13 0 70
Ty ELJI (11v) 8 174 7 0 2S6
TZ FOrRIST (".W) 8 91 0 0 99
TS O GOIA (19W) 4 76 5 0 as

. Ts ubmT (20N) 4 90 1 0 95
IS IDA (21M) 6 90 10 1 107
Tl JOB (22M) 13 153 64 0 230

. STY KI (23W) 23 263 21 0 307
TS LX (24V) 2 8 0 0 so
T MNO (25V) 9 144 6 0 159
TY MORRIS (26W) 16 149 29 0 194

TOTALS 270 3179 930 S 384

S OF TOTAL
R OF F xlis 6.2% 72.5% 21.29 0.19 100.0%

NORTH INDIAN OCEAN SATIULITE SYNOPTIC TOTAL

TC 018 25 2 27

TC 02B 15 0 15
TC 03A 17 0 17

TOTAL

I Or TOTAL
RN OF FIxts 96.69 3.4% 100.09

TABLE 2-5B. FIX PLATFORM StUIMARY FOR 1906

THE SOUTH PACIFIC
AND SOUTH INDIAN OCEANS SATELLITE RADAR SYNOPTIC TOTAL

TC OS- 56 0 0 56
TC 028 NICHOLAS 156 0 0 156
TC O3P - --- 68 0 0 18
TC 04S DILIFININA 58 0 1 59
TC OSS COSTA 57 0 5 62
TC 06S -...... 16 0 0 16
TC 073 OPHELIA 46 0 0 46
Tc 08s 36 0 0 36
Tc O9S HECTOR 60 0 2 62
TC 108 PANCHO 21 0 0 21
TC 11P VERNON 2 0 0 62
TC 12P VINIFRED 58 0 0 58
TC 133 SUICSTA 74 0 0 71
TC 14S FIOMINA 60 0 0 60
TC 15P INA 16 0 0 16
TC16P JUNE 8 0 0 8
TC 17P K LI 68 0 0 8
TC 188 RHONDA 17 0 0 17
T T 198 GIST& 42 0 0 42
TC 20SLWTN 63 0 0 63
TC 213 TIPANI 32 0 0 32
TV 223 VICTOR 90 3 0 93

• TC 23P IU31 81 0 3 86
TC 24P ALFRED 54 0 0 56
TC 25S HONORININA 75 0 0 75
TC 26S lARIMA 19 0 0 19
TC 27S JEPOTRA 56 0 0 56
TC 288 KRISOSTOKA 73 0 1 76
TC 29P MARTIN 63 0 0 63
TC 3OP----- -- 33 0 0 33
TC 31P MAN 52 0 0 52
TC 323 BILLY# 91 0 0 91
TC 33P AMU 82 0 0 82

TOTALS 1719 3 12 1736

S Of TOTAL
* OF FiXns 99.1% 0.21 0.7% 100.0%

TC 28S (KNISOSTO A) WAS ALSO NAMED ALISON.
0 TC 32S (BILLY) WAS ALSO NAMED LILA.

8
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CHAPTER III - SUMMARY OF WESTERN NORTH PACIFIC
AND NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

During 1986, J7WC issued warnings for JANUARY THROUGH AUGUST
twenty-seven tropical cyclones in the western North
Pacific. This included three super typhoons, sixteen The season began in late January with Typhoon
typhoons, eight tropical storms and no tropical Judy (01W). a "classic" recurving system which passed
depressions. This also included one typhoon. between Guam and the Philippine Islands. Although
Georgette (liE), which initially developed in the JITW did a good job forecasting the track,
eastern North Pacific. For the second year in a row difficulties with the speed of movement caused
the total number of western North Pacific tropical forecast errors to be larger than average. Typhoon
cyclones was four lower than the climatological mean Ken (02W) was a short-lived tropical cyclone which
of thirty-one. The total for the North Indian Ocean formed southwest of Guam and dissipated over water.
was three tropical cyclones (of tropical storm Super Typhoon Lola (03W) developed very slowly in the
intensity), which is also less than the vicinity of Pohnpei in the Caroline Islands. The
climatological mean of 4.5 and three less than the enhanced southwest monsoon flow associated with
prec.ding year. In summary, warnings were issued on Lola's formation was significant, as indicated by
a total of thirty tropical cyclones in the northern damaging 60 kt 31 (m/sec) winds which were reported
hemisphere, on Pohnpei. At the same time, and of particular

meteorological interest, was the development of a
In WESTPAC there were 163 "warning days". (A "twin" tropical cyclone, Namu (33P). in the western

"warning day" is defined as a day during which JTWC South Pacific. This situation occurs periodically in
was issuing warnings on at least one tropical the Western Pacific and Indian Oceans when strong
cyclone. A "two-cyclone" day refers to a day when low-latitude westerlies enhance the development of
two different tropical cyclones were warned on tropical cyclones in both hemispheres. This is
simultaneously, a "three-cyclone" day - three usually observed during the spring and fall
tropical cyclones at one time, and so on...). In transition periods. Tropical Cyclone Nam, (33P),
WESTPAC, there were thirty-two two-cyclone days, four incidentally, was the most intense tropical cyclone
three-cyclone days and no four- or five-cyclone days. to strike the Solomon Islands this century. Tropical
When North Indian Ocean tropical cyclones are Storm Mac (04W) developed near the island of Hainan
included, there were 168 warning days, thirty-two in the South China Sea and passed between Luzon and
two-cyclone days, seven three-cyclone days and no Taiwan at the end of May. As a monsoon depression,
four- or five-cyclone days. it struggled against strong vertical wind shear most

of its life. Typhoon Nancy (05W) developed in June
JTWC issued 743 warnings on the twenty-seven in the central Philippine Sea, struck the east coast

western North Pacific tropical cyclones and Taiwan and recurved into the Korea Strait. JTWC
twenty-nine warnings on the three North Indian Ocean forecast Nancy's recurvature track quite well until
tropical cyclones, for a total of 772 northern near the end, when it began to accelerate toward the
hemisphere warnings. There were thirty-eight initial northeast and central convection sheared away.
Tropical Cyclone Formation Alerts (TCFAs) issued for Tropical Storm Owen (06W) was another relatively weak
the western North Pacific and seven for the North system which had difficulty developing due to strong

* Indian Ocean, for a total of forty-five. All WESTPAC vertical shear. The second super typhoon of the
and North Indian Ocean tropical cyclones (100 year, Peggy (07W), developed east of Guam and
percent) developed after the issuance of a WCFA. For followed a west-northwest track into northern Luzon,
the western North Pacific, the false alarm rate was where 93 deaths resulted. It continued onward until
twenty-six percent (a ten percent improvement over it made a second landfall on the China coast
last year) and the mean lead time (to issuance of northeast of Hong Kong. Typhoon Roger (08W) was
first warning) was twenty-five hours. For the North another one of the several early season recurving
Indian Ocean, the false alarm rate was 57.0 percent; tropical cyclones. The recurvature near the island
the mean lead time was 5.7 hours, of Okinawa was accurately forecast 48-hours in

advance. Tropical Storm Sarah (09W) was the first of
a series of tropical cyclones which caused serious
forecast problems for J7WC. Sarah (09W) developed in
an active monsoon trough east of Luzon and appeared,

2. WESTERN NORTH PACIFIC from satellite imagery, to track west-northwestward
across Luzon into the South China Sea. Post-analysis
of aircraft reconnaissance data, however, indicated
that the low-level center never made landfall on

Several factors made 1986 an unusual, and Luzon, but recurved northeastward instead. Typhoon
therefore difficult, tropical cyclone season for Tip (10W) and Typhoon Georgette (lIE) engaged in a
JTWC. There were only four classic "straight classic binary interaction (Fujiwhara. 1921 and 1923;
runners" (which normally have the lowest forecast Brand, 1970; Dong and Neumann. 1983) northeast of
errors) in 1986, as compared to the seven of 1985. Guam which resulted in larger than average forecast
The number of "recurvers" was the same, but there errors for both systems. Typhoon Georgette (lIE),
were three more tropical cyclones in the "other" incidentally had one of the longest tracks on record.
category in 1986 than in 1985. "Other" tropical It initially developed in the eastern North Pacific,
cyclones are those whose tracks do not easily fit dissipated as a significant tropical cyclone in the
into the straight runner or recurver categories, central North Pacific. and then regenerated fron the
i.e., the erratic systems. The tropical cyclones in pre-existing disturbance in the western North
this last category were the most difficult to Pacific. Typhoon Vera (11W) caused more forecast
forecast. The major forecast problems arose with problems than any tropical cyclone in 1986. It
those tropical cyclones that formed in the active generated in the active monsoon trough as a "classic"
monsoon trough and during the extremely active winter monsoon depression - difficult to position and
period. For discussion purposes the tropical cyclone forecast. Typhoon Wayne (12W) was probably the most
year is divided into three periods, interesting tropical cyclone in 1986. During its
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exceptionally long life (twenty days), it struck westward across the South China Sea with landfall on
Luzon (once) and Taiwan (twice), threatened Hong Kong tne coast of central Vietnam. Tropical Storm Ida
(twice), dissipated and reformed (once), before (21W) was hindered by the frictional eflect during
finally dissipating over North Vietnam near Hanoi. its passage through the central Philippine islands
Many multiple-storm days occurred during the later and strong vertical wind shear over the South China
part of this first period. As a result. Sea. Typhoon Joe (22W) formed east of Luzon and
reconnaissance (both satellite and aircraft) assets recurved to the northeast without making landfall.
were working overtime to keep up with the Its associated convective bands, however, produced
requirements for the latest data. significant rainfall over the northern Luzon. The

tropical cyclone activity then shifted eastward.
SEPTEMBER THROUGH OCTOBER Super Typnoon Kim (23W) was the first in a series of

The tropics quieted down somewhat during this four difficult late season tropical cyclones. It
second period. Typhoon Abby (13W) developed just to formed to the southeast of Guam and initially
the southeast of Guam and moved northwestward before followed a northwestward track. Although Kim (23W)
recurving near Taiwan. Typhoon Ben (14W) developed appeared to change to a recurvature track before
rapidly southeast of Guam and drifted northward reaching Guam, it abruptly turned toward the west and
before recurving through a break in the subtropical passed 15 nm (28 kin) north of the island of Salpan in
ridge. Typhoon Carmen (15W) was the third tropical the Marianas at near super typhoon intensity, causing
cyclone in a row to develop southeast of Guam. It extensive damage. Tropical Storm Lex (24W) developed
followed a recurvature track, passing north of Guam in the wake of Kim (23W) but was unable to mature due
and east of Japan. The forecast statistics for to the strong upper-level shear caused by the intense
Carmen (15W) were excellent. outflow from Kim (23W). Typhoon Marge (25W) also

Na During the rest of October and into early developed southeast of Guam, but very slowly. It
November, the major tropical cyclone generation area turned westward, passed south of Guam, then crossed
shifted, for the most part, from southeast of Guam to the central Philippine Islands and dissipated in the
the Philippine Islands. Although Tropical Storm Dan South China Sea. Typhoon Norris (26W) continued the
(16W) did not become a "significant" tropical cyclone late season trend by developing to the southeast of
until it was approaching the coast of Vietnam. the Guam. It oscillated about a westward track and
Republic of the Philippines suffered extensive crossed the central Philippine Islands before
flooding when Dom (16W), at tropical depression dissipating over the South China Sea.
intensity, passed by. Typhoon Ellen (17W) The last three typhoons of the year - Kim (23W),

; intensified east of the central Philippine Islands Marge (25W) and Norris (26W) were similar in that
and passed about 90 nn (167 kn) south of Subic Bay. they followed a "step-like" track. It appeared that
Initially, it appeared that recurvature toward Taiwan the basic steering flow south of the subtropical
wuld take place, but a surge in the low-level ridge axis changed the tracks from a westward to more
northeasterlies from the China mainland resulted in a northwestward, as mid-latitude troughs moved off
more westerly track towards the island of Hainan. China. Once these troughs had passed to the north,
Further to the east, Typhoon Forrest (18W), which the tracks reverted back to westward. The
attained 100 kt (185 m/sec) intensity, developed mid-latitude troughs never penetrated far enough to
northeast of Guam and recurved. Tropical Storm the south to break through the subtropical ridge and
Georgia (19W) spawned just east of the central allow the tropical cyclones to recurve. Latar, as
Philippine Islands, passed south of Subic Bay and the tropical cyclones approached the Philippine
made landfall over Vietnam after following a nearly Islands, southwestward movement was observed due to
straight track. surges in the northeast monsoon, which had fully

established itself across the Philippine Islands and
NOVEMBER AND DECEMBER South China Sea. During wintertime synoptic regimes,

The combined months of November and December forecast difficulties were also counded by the
1986 proved to be one of the most active winters in instability of the One-Way Interactive Tropical
WESTPAC history with seven tropical cyclones Cyclone Model (OTCM), JTWC 's primary dynamic forecast
(compared to an average of four). The three typhoons aid, due to kinetic energ conversion problems.
in December is an all-time record. Tropical Storm Tables 3-1 through 3-6 provide information on
Herbert (20W) developed in the wake of Tropical Storm the monthly and annual distribution of tropical
Georgia (19W) and followed an almost identical track cyclones, warnings and tropical cyclone formation

alerts.
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TABLE 3-2

WESTERN NORTH PACIFIC TROPICAL CYCLONE DISTRIBUTION

Year JAN FIB RAN APR M4AY JUN JUL AUG SEP OCT NOW DEC TOTALS

1959 0 1 1 1 0 1 3 8 9 3 2 2 31

000 010 010 100 000 001 I11 512 423 210 200 200 17 7 7

1960 1 0 1 1 1 3 3 9 5 1 1 1 30
001 000 DOI 100 010 210 210 810 091 400 100 100 19 8 3

1961 1 1 1 1 9 6 5 7 6 7 2 1 42
010 010 IO0 OU 21t 11a 320 313 510 322 1o 100 20 11 1T

1962 0 1 C 1 3 0 8 8 7 5 9 2 39
000 010 000 100 201 000 512 701 313 311 301 020 29 6 9

1963 0 0 I 1 0 9 5 9 4 6 0 3 28
000 000 00 100 000 310 311 301 220 510 000 210 19 6 3

196' 0 0 0 0 3 2 8 5 8 7 6 2 99
000 000 000 000 201 200 611 350 521 331 920 101 26 13 5

1965 2 2 1 1 2 4 6 7 9 3 2 1 90
110 020 010 100 101 310 411 322 531 201 110 010 21 13 6

1966 0 0 0 1 2 1 N 9 10 4 5 2 38
000 000 000 100 200 100 310 531 532 112 122 101 20 10 8

1967 1 0 2 ? I I a 10 N 9 ; I 41
010 D0 110 100 010 100 332 343 530 211 900 010 20 15 6

1968 0 I 0 1 0 4 3 8 9 6 9 0 31
000 001 000 100 000 202 120 341 900 510 900 D0 20 7 4

1969 I 0 I 1 0 0 3 3 6 5 2 1 23
100 000 010 10 000 000 210 210 209 910 110 010 13 6 9

1970 0 1 0 0 0 2 3 7 9 6 9 0 27
000 100 000 000 000 110 021 921 220 321 130 000 12 12 3

1971 1 0 1 2 5 2 8 5 7 9 2 0 37
010 000 010 200 230 200 620 311 511 310 110 000 29 11 2

1972 I 0 1 0 0 9 5 5 6 5 2 3 32
100 000 001 000 000 220 910 320 411 910 200 210 22 8 2

1973 0 0 0 0 0 0 7 6 3 9 3 0 23
000 000 000 000 000 000 930 231 201 400 030 000 12 9 2

197' 1 0 I I I 9 5 7 5 ' 9 2 35
010 000 010 010 100 121 230 232 320 400 220 020 15 17 3

1975 1 O 0 1 0 0 1 6 5 6 3 2 25
I00 000 000 001 000 000 010 411 910 321 210 002 19 6 5

1976 1 1 0 2 2 2 9 9 5 0 2 2 25
100 010 000 110 200 250 220 130 '10 000 110 020 19 11 0

1977 0 0 1 0 1 1 9 2 5 9 2 1 21
000 000 010 000 001 010 3CI 020 230 310 200 100 11 8 2

1978 1 0 0 1 0 3 9 8 9 7 9 0 32
010 000 000 100 000 030 310 391 310 412 121 000 15 13 9

1979 1 0 1 1 2 U 5 4 6 3 2 3 28
100 000 100 100 OIl 000 221 202 330 210 110 M 19 9 5

1980 0 0 1 1 9 1 5 3 7 A 1 1 2N
000 000 001 010 220 010 311 201 511 220 100 010 15 9 9

1981 0 0 1 1 1 2 5 8 9 2 3 2 29
000 000 100 010 010 200 230 251 900 110 210 200 16 12 1

1982 0 0 3 0 1 3 5 6 9 1 I 28
000 000 210 000 100 120 220 500 321 301 100 100 19 7 2

1903 0 0 0 0 0 1 3 
6  

3 5 5 2 25
000 000 000 O 000 010 300 231 II 320 320 020 12 11 2

198 0 0 0 0 0 2 5 7 9 8 3 1 30
000 000 000 000 000 020 410 232 130 521 300 100 16 11 3

N1985 2 0 0 0 1 3 I 7 5 5 1 2 27
020 000 000 000 100 201 100 520 320 410 010 110 17 9 1

1986 0 1 0 1 2 2 2 5 2 5 8 3 27
000 100 000 100 110 110 200 410 200 320 220 210 19 80

(1959-1486)
AVG 0.5 0.3 0.6 0.8 1.3 2.1 9.6 6.3 5.6 9.6 2.8 1.5 30.9

CASES 15 9 18 21 36 58 128 175 157 130 78 41 866

Legend: Totl for te month

Typhoons
Tropical Stor s
Tropical Oerss lone

NOTE: This new compllation of 195; through 1986 data -. done after
establishlng a standerd for the tins ehan a tropical cyclone elsted In ten
separate onths. The criterion used foilows:

I. If a tropical cyclone was first warned on durinn the last 1w days
of a particular month and continued over Into the next month for longer
than two days. than that syste. a attribute to the Second mnth.

2. If a tropical cyclone was warned on prInr to te last two days or a
month, it ws attributed to the first month - no matter how long the system
laested.

3. if a tropical cyclone bean on the lest .y of the oONth lM ended
on the first day or thw nest Month. that tropical cycl|n was attributed
to the first imontn. Moverer. If a tropical cyclone hlars on the last ay
of the mnth and continued ino th# next month ro teo days onlr! then It
ws. attributed to tle second mnth.
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TABLESTEN NORTH PACIFIC SUMARY

TYPHOONS
(194V5-1958)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.4 0.1 0.3 0.4 0.7 1.1 2.0 2.9 3.2 2.4 2.0 0.9 16.3

CASES 5 1 V 5 10 15 28 41 45 34 28 12 228

(1959-1986)

,iAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.2 0.1 0.2 0.5 0.7 1.0 2.7 3.3 3.3 3.0 1.7 0.7 17.4

CASES 6 2 6 15 19 29 75 91 91 85 47 19 486

TROPICAL STORMS AND TYPHOONS
(1945-1958)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.4 0.1 0.4 0.5 0.8 1.6 3.0 3.9 4.1 3.3 2.8 1.1 22.0

CASES 6 1 6 7 11 22 42 54 58 46 39 16 308

(1959-1986)

JAN FEB MAR APR MAX JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.5 0.3 0.5 0.7 1.1 1.8 V.1 5.3 4.9 4.1 2.6 1.3 27.1

CASES I 8 14 20 30 49 116 147 136 116 73 36 759

(1986)

FORMATION ALERTS: 27 of 38 Formation Alerts developed into significant
tropical cyclones. Tropical Cyclone Formation Alerts were issued
for all of the significant tropical cyclones that developed In 1986.

WARNINGS:
Number of calendar warning days: 163

Number of calendar warning days
with two tropical cyclones: 32

Number of calendar warning days
with three tropical cyclones: V

74825 3-4. POPMATION 42.339 SMUT8
9517139 39873 PACIICAz Lsr srrm TMA::L~

Am=33 37CM SWAM u4MOM rAI.SI
OF 84.39 £133939 TRWICAI. 61039

WI7y73a T11CAL CYOCL713 CICL1U RATZ

1975 3 25 25 268

1916 3 25 25 26$

1977 26 20 21 235

1 .978 32 27 32 16%

1979 27 23 28 Is$

1910 37 28 28 288

'88' 29 28 29 3%

1"82 36 2 20 281

1983 31 25 25 1

198- 37 30 30 9

'9M 3S 26 27 338

1986 38 27 2 1

(1975-19866
8TR 3890 3.7 25.8 27.1 21 8

78839 400 310 325
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TYPHOON JUDY (01W)

The formation of Typhoon Judy marked the start remained poorly organized. Early on 29 January, an
of the western North Pacific tropical cyclones for aircraft reconnaissance investigative mission flown
1986. Judy originated near two degrees North into the disturbance was unable to locate a low-level
Latitude in the near-equatorial trough. It was aided circulation center. However, the Aerial
in its initial development by brisk northeasterly Reconnaissance Weather Officer (AWO) estimated a
trade flow associated with a shear line situated to minimum sea-level pressure (MSLP) in the area at 1001
the north and the low latitude monsoonal westerlies Tb. Since this pressure was approximately 6 mb below
in the southern hemisphere. Judy was also the the surrounding environmental MSLP to the north and
season's first tropical cyclone to enter the the disturbance was expected to track westward into
mid-latitude westerlies and recurve. an upper-level environment with less vertical wind

During most of January, a winter weather pattern shear, a Tropical Cyclone Formation Alert (1CFA) was
dominated the tropical western North Pacific area. issued at 290630Z.
Convective activity was confined to low iatitudes on A second investigative mission flown early on
the periphery of the near-equatorial trough (NET). the 30th also failed to locate a definite low-level
In the last week of January, the NET extended from circulation. The ARWO estimated maximum surface
the southern Philippines east-southeast to the winds of 25 kt (13 m/sec) to 35 kt (18 m/sec) to the
equator 420 nm (778 kin) south-southeast of the island north in the easterly flow. Satellite imagery and

* of Pohnpei. synoptic data indicated this enhanced flow was a
The cloud system first anDeared late on 25 result of a shear line to the north of the disturbed

January as an area of disorganized convection 300 rin area. Because of a decrease in both convection
(556 ki) in diameter. With unrestricted upper-level (diurnal) and low-level inflow, the RYA for the
outflow to the north and west, the convection disturbance was cancelled at 300600Z.
persisted through the diurnal minimum period (around Post analysis indicates this cancellation was
040O0Z) on the 26th and was first noted on the premature. Satellite imagery, over the next
Significant Tropical Weather Advisory (ABPW PGTW) at forty-eignt hours, detected a dramatic increase in

4 260600Z. convection associated with this slowly , westward
-4  During the next three days, the convection moving disturbance. Analysis of satellite imagery
- continued a gradual increase in areal extent, but (Figure 3-01-1) prompted the issuance of a second

.4,,

*r19

P; JUDY~k

J Figure 3-01-1. Judy just prior to issuance of second

TCFA (302349Z January DMSP visual irnagery).
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ICFA at 310130Z. Twenty-four hours later, infrared altered the forecast to reflect initial northward

satellite Lmagery indicated a upper-level anticyclone movement followed by recurvature toward the
was developing over the disturbance and (DvoraK) northeast. As with Typhoon Hope 11985), Judy was

- satellite intensity analysis estimated surface winds expected to undergo a rapid extratropical transition
of 30 Kt ii5 M/sec). This prompted the initial with a drastic decrease in intensity and no
warning at 010000Z on Judy, as a 30 kt (15 m/sec) significant eastward movenent. The dynamic forecast
tropical depression. Witnin twenty-four hours, Judy guidance proved of no assistance in this regard
was upgraded to tropical storm intensity based on the apparently due to the strongly sheared/baroclinic
aircraft reconnaissance data. environment.

The initial forecasts called for Judy to track Judy slowed slightly as it approached tne ridge
west-northwestward. Due to the uncertainty of the near 131 degrees East Longitude early on 3 February.

" position of the ridge axis and its strength over the Continuing to intensify, the systen tracked north
data sparse Philippine Sea, 400 mb synoptic tracks briefly before turning nort'east. Judy reached its

, were flown on the 2nd and 3rd of February to help maximum intensity of 85 kt (44 m/s) with a MSLP of
define the mid-level flow north of Judy. Data from 974 mb at 050000Z (see Figure 3-01-2). As it
these fligits confirmed the presence of the east-west reached maximum intensity, Judy also canm under the
orientation of the ridge axis and indicated a influence of strong mid-latitude westerlies. By
weakness in the ridge along 130 degree: East 060000Z, Judy's convection had been sheared away and
Longitude witn strong westerly mid-level flow north extratropical transition was complete. The nearly
of 16 degrees North Latitude. With the above convective free low-level circulation drifted s!owly

" information and mindful of a similar synoptic pattern east-northeast and dissipated. No deaths, injuries
, associated with Typhoon Hope in December 1985, JTC or property damage were attributed to Typhoon Judy.
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Figure 3-01-2 Tvphon Judy near maumum inte'n.irv
(050120Z Fehruarv I),4S' v4 al intag'rv)
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TYPHOON KEN (02W)

Typhoon Ken, the second tropical cyclone of The first aircraft recomaissance investigative
1986. was also the first tropical cyclone to dvelop mission was conducted the following day. It located
in the western North Pacific in April during the past a weak circulation center at 5000 ft (1524 m) 250 m
five years. After the formation of Ken, two tropical (463 km) southeast of Yap. Estimated surface winds
systems quickly followed in May. were 10 to 25 kt (5 to 13 m/sec). These data, plus

During late April, the near-equatorial trough satellite imagery, pruimpted JTWC to reissue the '1CFA
was quite active with enhanced convective activity at 250730Z.

* from the southern Philippine Islands to the region A second aircraft reconnaissance investigative
. south of Truk near the equator. Embedded within this mission was conducted on the morning of the 26th and

trough was the tropical disturbance that eventually was again unable to locate a surface circulation.
intensified into Typhoon Ken. At 200600Z, it was Instead, a broad area of trouhing was observed at
mentioned on the Significant Tropical Weather the surface with the maximum low-level winds of 25 to
Advisory (ABPW PO IW) for the first time. No surface 30 kt (13 to 15 m/sec) within the convection banding
circulation was present, only convergent flow at the in the northeast quadrant of the disturbance.
low levels. Synoptic data on 21 April indicated a Satellite data indicated the upper-level circulation
weak surface circulation 540 run (1000 ka) south of center existed 90 nm (167 kt) to the east-southeast
Guam. The associated convection increased in amount of Yap (Figure 3-02-1). Based on that information,
and organization through the 23rd. Analysis of the third TCFA was issued at 260730Z.
satellite imagery showed continued development and The first warning on Ken was issued at 261900Z
winds were estimated at 20 kt (10 mi/sec). As a after satellite imagery showed a significant increase
result, JTWC issued a Tropical Cyclone Formation in the central convection and the development of a
Alert (TCFA) at 240730Z. comma-shaped cloud pattern. Surface winds were

I

44

Figure3-02-1. Typhoon Ken at the time the third
TCFA was issued. The aircraft reconnaissance
investigative mission into the disturbance two hours
earlier was unable to find a surface circulation (2605007
April NOAA visual imagery).
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estimated at 35 kt (18 m/sec). Ken reached typhoon weaken significantly. Aircraft reconnaissance
intensity on the 27th. Aircraft reconnaissance reports indicated that the 700 mb center was
penetration of the system revealed a compact surface displaced 20 nm (37 kn) northeast of the surface
circulation, a mnimu n sea-level pressure (MSLP) of center due to increased shearing flow aloft from the
980 roD. and an elliptical eye (oriented east-west), southwest. Throughout the next day, both aircraft
Peripheral aircraft data showed the stronger surface and satellite reconnaissance found an exposed
winds of 30 to 50 kt (15 to 26 m/see) in the northern low-level circulation center. Since the upper-level
semicircle in contrast to 15 to 20 kt (8 to 10 mn/see) circulation center was now displaced 170 nm (315 n)
in the southern semicircle. This resulted fron the to the northeast of the low-level circulation (Figure
higher pressure gradient between Ken's low pressure 3-02-2), the last warning, valid at 0300Z on the
center and the subtropical ridge. As gradual first of May, was issued. Stripped of its deep
intensification took place, the forecast track for central convection, the residual low-level cyclonic
Ken became more northerly based on the expecLed vorticity drifted westward and dissipated over water
influence of the mid-latitude trough on the mid-level by the 3rd.
subtropical ridge and the general tendency or No reports of damage or injuries were attributed
intensifying tropical cyclones to move into higher to Ken. Of interest. Ken's proximity to Guam and
latitudes. By 281800Z, after the trough passed slow movement caused official concern because of the
eastward from Japan, the subtropical ridge scheduled refueling stop of Air Force One at Andersen
reintensified across the northern Philippine Sea, AFB. Once the tropical cyclone's track changed to
forcing Ken to move westward, west late on 28 April, serious worries were removed.

Ken's intensity peaked at 90 kt (46 /sec) on In summarry, forecasting direction changes for slow
the 28th. Satellite imagery showed the system moving tropical cyclones is usually difficult - Ken
r mained compact with a slight east-west elongation was no exception. JTNC's ability to correctly
of the central dense overast and an eye which was forecast slow movement along the track resulted in a
obscured by high cirrus. On the 29th, Ken began to good product and excellent statistics.

" N

+ION

TV!

,. k ?

Figure 3-02-2 Typhoon Ken during its final stage
Note the large (170 nun (315 krn)) displacement hitween
the exposed low-level circulation and the upper level
circulation (302133Z April DMSP vi.ual imagf rv)
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SUPM TYPH"X LOLA (03w)

Super Typhoon Lola was the first of thnree super of the fury of Nami. From a historical perspective.
typh~oons (tropical cyclones with 130 kt (67 rn/see) or Lola was of particular interest to residents of Gua
greater intensity) to occur during 1986. Lola's since Its appearance coincided with the ten year
appearance coincided with a very destructive tropical anniversary of Super Typhioon Pamla's devastating
cyclone In the southern hemisphere. Tropical Cyclone visit to the island on May 21, 1976. Super Tlyphoon
33P (Namu) (see Figure 3-03-1). Nam.2. an unusual Pamela (1976) destroyed 40 percent of the hams on
"twin" cyclone with Lola, was the worst tropical Guam arid caused extensive damage with torrential
cyclone to strike the Solomon Islands this century. r-ains and maxim..m sustained winds of 120 kt (63
Over 90.000 people were left homeless on the island m/sec) and gusts to 145 kt (70 r/see).
of Guadalcanal and nearly 100 people died as a result
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By early morning on the 18th, Lola was already and an eye became clearly visible on satellite
at typhoon intensity (see Figure 3 -03 -J4 ). Initial imagery. A third synoptic track. flown the next day
interpretation of data from the second synoptic track (19 May), again along 18 degrees North Latitude,
mission flown along 18 degrees North Latitude still did not find any breaks in the subtropical
determined there were no obvious breaks in the ridge ridge and the forecast appeared to be right on track.
north of Lola (Figure 3-03-5).* thus the forecast took However. Lola was only two days away and all of Guam

4Lola northward initially. and then westward under the worried that this might be a repeat of Super Typhoon
ridge. (Upon closer inspection of the 500 nt data, Pamela (1976). J7NC's warning on the morning of the
there is cyclonic turning at the western portion of 19th indicated Lola would become a super typhoon (See
the track. This implies a weakness in the Figure 3-03-6). A three fix mission was flown into

*Subtropical ridge slightly north of the track and Typhoon Lola that morning to determine the rate at
near 150 degrees East Longitude.) By late afternoon, which it was intensifying. The results confirmed the

-Lola's intensity had increased to 75 kt (40 m/sec) worst -explosive deepening.
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Figure 3-0.3-5. Data from the second synoptic track
(172300Z through 180 700Z) shows no obvious break in
the subtropical ridge, (Upon closer inspection the
streamlines imply a neutral point in the flow slightly
north of the track and along 150 degrees East
Longitude.)
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and as orecst o itensfy venmom s i nered oreastphilosophy changed to a recurvature track
Guam. A forhsynoptic track mission was sent out rather than keeping the track toward the
o 0 Ma olct!n wans nte utoia et-nothwest. The intensity estimtes indicted

rijge Thecarrt supoer tye idgen t 1300~t mbdslaced Lhoug ha thed aotern 0O arian 50 (Fur 3-07 e). The
Sout an wes acossthe athor ola itha srongwasnowdecreasing (see Figure 3-03-8). Aircraft

25N

202

150

1400E 1450 1500 1550 160E

Figure 3-03-7. Data from the fourth si noptnc track
(192200Z through 20040OZ Alav) showvs the mid-level
ridging displaced south and west across Gutam.
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Figure 3-03-8. Lola shortly after it peaked at 150 kt (77
mrsec) '192350Z May DMSP visual imagery).
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fact as the 700 mb heights also increased later to follow the One-way Interactive Tropical
dramatically. Figures 3-03-9 and 3-03-10 show Lola Cyclone Model (OTCM) and curved Lola toward the
weakening and becoming extratropical. Extratropical northeast before any major efforts had to be made to
transition was completed on 23 May. sortie ships and evacuate aircraft from the military

In retrospect, the early forecasts followed the bases on Guam (closest point of approach to Guam was
Nested Tropical Cyclone Model (NTaI) too long during 405 nm (750 ian) to the northeast). However, the
Lola's development and took the system toward the statistical damage had already been done and the
Marianas. Fortunately, JTWC made the right decision overall forecast performance was only fair.
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Figure 3-03 9. 1ola d'ecreasng inin nit i(20232Q
May DMSP visual imagery)
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M~PICAL STORM4 MAC (04W)

Mac. from Inception, was a "classic" monisoon of mainland China. Estimated maximlr sustained
depression - slow to develop, difficult to position surface winds of 20 kt (1.0 rn/see) and a minimum
and forecast. As Super Typhoon Lola (03W) was sea-level pressure (MSLP) of 998 nt were present.
developing east of Guiam, the precursor of Mac spawned After several false starts, the organizing convection
In the moocn trout in the South China Sea. separated from the maximum cloudiness zone and a

Oni May 20th, the Significant Tropical Weather Tropical Cyclone Formation Alert was issued for the
Advisory (ABPW P(;IW) mentioned a poorly defined area disturbance, at 230400Z. as it passed south of Hong
or convection in the monsoon trough, which was Kong. The first warning was issued an Tropical Storm

-,located over water and paralleled the southern coast Mac (Figure 3-04-1) at 25000)0Z as development

'P

-4V

4'r

Figure 3-64-1. Tropical Depression 04W just an htour
and a half after the first warning was issued (25013 IZ
May DMSP visual imagery).
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continued. Mao moved south of Taiwan and changed depressioni an the 28th.
course toward the north-northeast as its intensity By May 29thi, Mac's low-level circulation center

* peaked at45 kt (23 mn/sec). At 270900Z, Mac appeared was partially exposed (Figure 3--2. Tels
to tbec~ almost Quai-stationary. However. warning was issued at 291200Z as Mac began

*acceler-ation and an eastward moveient comme~nced by dissipating over water and redevelopment appeared
28060OZ. Mac also weakened due to increased vertical less likely due to the persistent stong VertiCal

*shear and was, as a result. downgraded to a tropical windI shear.
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'IYPRtXI NANCI J'W.

For the fr-t fi've mosnths Of I~o the westenr:. T;~z y*tsi. . i.:#:

- ?~~Nrth Pacific averaged less than r-e tropicl,:. Jy-,lne C1 A-7. Se :iiS tis .Z h u ~2.
- per mo~nth. Nancy was the fifth tropicl .-yclorie 1:. fr wrp*.i ~n, -j-!v ,.

the western North oaiic ut the firs3t of' the wh,t Avit !tronflsrv t -1 !i -;I
is generally oonsi lerec the sanne-r typhooni suci~ur. j*'W ' ii..o't:AC tkwx.:ru. ;;., e'" A,.:
After 'yrroui Nanicy. the sunmter seasu)r. wOJ. ir, full : K . me- 113.,l'"ki . :5 'O:, .<,T; i
swing. t lt cr'rltet tnti ,y~tlr. rr.t a.'h~ ~'

T7he Signricnl l'ropical neither Ad-visory AbPm .1l3 on b~eVV- I -5 opug yol, that oi 4-:. 3
* P 3I n, or OnW.cur rrwntiori& ai irej of bnoui:,- the west triroug!. rtt., Octm As, :'oj t the

* ~ ~ 1 lso rgin ized ,orivection whic was kvepig I' tn dCUdZ warin upgra te :1pa t'r-so. o to
* ~ ~ 222 on south east .. Pohnpei. hsauirie Ioia O'tun Ndancy. It'.,:, tna. <ihorsater the

*rapidly westwar'. f.or the r,-xt two lays5, then; slowecl upgr-d!ing t, t rnp Ica St rrr.r in tensi tyj, Nat. :y was
-arxJ Dega lu to consol idate. Bly 13JC7.k) Ani establ ished upgraded t. - typAiuai I r t,7!;nI t y. I r retrojspect ,

cirrlus outflow pattern., restrictedl to) the nortriwest ena'jyses o f Iaji rc-raft rvco' 'nraised data d
by ,ir. apper-ieveil cold low 540 mi .1U0D ar, northwest lintenisity , tends 'mcI 't- tnat trIoal1 storn

*of luan, was detected Lri sdtel lite tiagery. Initial intenisity was3 Tj szt pro-babLy attiihi'-dat :1ll56oo, not
*DvoraK intensity analysis of the cloud pattern. Z 11 00 Z .

-estUmated surface- winds of less than 21) Kt 1ij flraugnout this perlo.: of lavelopmenit , Nahcy
SM/secj. At 2i3 5 Z, a Tropical Cyclone Formnation Figure mo§-, nved towar l the northwest urder the
* lert -117A) was issuedj for the area. Within hours s9teering influence of the subtropical ridIge to, the
*the convective curvature Improved and the 21160OZ north. Nearing the subtropical ridge sns: on c

-h:

4,V

FiAur 3-51TponNnCYapocigteiln

Fgr Tai0wan1 Th ountanus appnrofin the island i

ft Llisihle t, the north of the troical cv( lone (222115/ June
1),415 P visual imnagerXI
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June. tne t-opIl,' cyclo ne assumed a mor northerly of Taiwan, Nancy's intensity peaked at 80 kt (41
course. For the next 24-hours aircraft n/sec). The raxlnum surfaoe wind reported rran

4 reconrnissdnce datd was unavailatle due to the close Taiwan was o3 kt (32 rn/see).
prcximliiy of ar! ard airspace restrictions. Radar Continuing to move northward across the East

9 Figure j-O' -2: aid satellite iFigure 3--05-J) reports China Sea, Nancy began interacting with a trough in
werle .artic'rul.y valuable during this time. 'lese the polar, westerlies. The shape of the tropical
'tWa :".gr~s. Whlnn were taKen Within one nalf hour of cyclone became elongated as the low-level circulation
edon otr, provide striIngly different renotely center separated frrcm the ipper-level and the central
3esej prIesentdtlOns of the eye. The radar detects convection decreased. At that time, Typhoon Nancy
:te ericirc-rig ralnbands, tnhat are euntedded in the was downgraded to a tropical storm.

±rw_. idteollite sees the cold top of the Later, aircraft reconnaissance at 242141Z was
- rtr-. 1-iis e <ver-cast as coreeritric patterns of gray unable to locate a low-level circulation center due
. sna J. 'wst prior to making contact with the island to airspace restrictions; however the peripheral data

:42

% r%

'X

9

_ - Figure 3-05-2. The eye of Typhoon Nancy as seen by
'. radar from Hualien. Taiwan (WMO 46699) at 231400Z

June (Photograph courtesy of Central Weather Bureau,
"""Taipei. Taiwan).
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proved most valuable and indicated the low-level andl entrained cooler, drier air hadl taken th,-.: to.j
-center was displaced at least 00 nin (111 kmn) onl the tropical cyclone. Nancy continu"I 1- mve

nodrthwest of the 24180OZ warning position. This rapidly northeastward through the Kurea ;tr~ilt arxi
warning position had been extrapolated Cramn the maintained the strongest low-level wirids .r.I, t
previous waniing. Unfortunately. the 2'4120OZ warning southeast semicircle. Soutriern K, red rl_''W
was based on a low confidence nighttime position fromn torrential radins, which inundated 22,4,1 ai -:rt> i.
infrared satellite imagery that was suspect. since hectares) of farmland. Twelve peopl" we rer"ie

9.Nancy was undergoing extratropical tr-ansition. The dead or missing, as a result of the flcoding.
amended 241800Z warning. which followed imme~diately Satellite analysis early on 2t) Jury, iril2dted
andi was based on aircraft reconnaissance data. extratropical transition had -ccurmre in the Je. ff
correctly forecast Nancy's movmnt through the Japan. The system was finalled an the !5ubuZ
Korea Straits instead of over the islandl of Kyushu, warning as the residual low pressure area swept

-Japan. by tnat time increased vertical wind snear eastward across northern Honshu 12-hours later.

45L

Figure 3-05-3. Specially enhanced infrared image of
Typhoon Nancy's eye. The gray shading, which is used
in conjunction with the Dvorak enhanced infrared
technique, can provide an estimate of the intensity of the
tropical cyclone (23 1428Z June DMSP infrared
Irnagery)
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nCPICAL S'lURM LVYM (ObW)

igure- A)O-1 Iropical Storm Owen haia lang history as adisturbance It was first noted as a
suvpect iarea on the Signficant Tropical Weather Advisory (ABPW PGTW' at 0600Z on the 21st of
June As the s.stem became more organized, its intensity increased This prompted the issuance

ta I ropital C'~clone Formation Alert at 271800Z when it was wvest of Guam in the Philippine
Sea Based ,n aircraft reconnaisance reports (272325Z) of 30 kt (15 m.sec) maximum sustained
winds and a minimum sea level pressure of 1001 mb. JTWC began warning on the system at
2, 0tM t On the 29th. Owen reached its maximum intensity of 50 kt (26 m/sec) As Owen
moted narthwestward around the periphery of the subtropical ridge, it came into an area of
.. reased vertical shear This resulted in the deep convection becoming displaced toward the

. .est s uthwest By the 2nd of July, it had lost it.% tropical characteristics and dissipated over
* i ater The imagery shows Owen's exposed low-level circulation center during the system's

weakening phase (3(X)/08Z June DMSP visual imagery).
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SUPER TYPHOON PEGGY (07W)

Peggy was the second super typhoon of the 1986 concern for Guam, however aircraft reconnaissance
WESTPAC season. With the help of the Theta-E flights did not locate any supporting strong winds.
intensity forecast technique, intensity errors were At 030000Z July, JTWC issued its first warning on
kept to a minimum. In contrast, forecast track Tropical Depression 07W based on maximum winds of 25
problems arose due to erroneous guidance from the kt (13 m/sec) from synoptic reports and the potential
Jne-way Interactive Tropical Cyclone Model (OTCM) for intensification near Guam. Twelve hours later
which ad a consistent northward bias at 72-hours. Peggy was upgraded to a tropical storm, when aircraft

During the latter part of June. the low-level, reconnaissance found a band of 35 kt (18 m/sec)
low-latitude tropical easterlies between the eastern surface winds displaced 20-40 rim (37-74 kmn) northwest

k :u oine Islands and the International Dateline were of the vortex center.

we er than normal. In this area between the equator Continuing to move west-northwestward, Peggy
anj 10 North Latitude, the light and variable winds, passed 58 rn (107 kn) north of Guam at 040700Z. Peak
in conjunction with the tropical easterlies to the winds experienced on Guam were 28 kt (14 m/sec) with
nortn, formed a vortex 600 nm (1111 km) east of gusts to 48 kt (25 m/sec). There was limited damage
Kwaj-diein Atoll in the Marshall Islands. It was to Guam, restricted primarily to power poles and
rirst mentioned on the 270600Z June Significant crops. The islands of Rota, Tinian and Saipan

1p. Weather Advisory (ABPW PGfW) after satellite experienced more extensive damage primrily to
-nagery showed persistent convection had developed, crops.
T:he circulation moved west-northwestward for six days During the period 042352Z to 06204OZ, Peggy's
t*:ore reacning tropical storm intensity (35 kt (18 mean sea-level pressure (MSLP) dropped from 973 mb to

es c)) 350 nm (b48 km) east of Guam. Throughout 900 mb- a decrease of 73 mb. This corresponds to a
this period the cloud signature caused heightened drop of approximately 1.6 mb/hour which is classified

I-
90-0 06 0 o

0

0 "N

21 I I

T HET ! I

o z 12 0 It 00p02 12 002 O 0

Figure 3-07-1. Plot of Peggy's central minimum
sea level pressure and the Theta-E line with the
intersoction at 050&)I0Z Rapid deepening occurred with
a 1 4 mb/hour drop in central pressure from 973 nab v)
(X))mb.
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SUPIN TYPSOO% PEGGY (0710) INTENSITY

IPFIG TRECES FT as rapid deepening (Holliday arnd Thompson. 1979).
JULV 1946 The rate of deepening does not meet the 2.5 mb/hour

04 OR of 0? criterion used to define explosive deepening. As
mentioned earlier, JTNC was able to significantly
decrease forecast intensity errors, with the guidance
provided by Theta-E intensity forecast technique~
(Dunnavan, 1981). The technique uses equivalent
potential temperature (Theta-E), calculated Cramn
aircraft recon 700 nib temper-dture and dew point

-~ reports, as a measure of the tropical cyclone's
thermodynalnic energy. When the plots of Theta-E and
MSLP intersect near the critical values of 950 mb and
360 degrees Kelvin, central pressure can be expected

-20 to drop to below 925 mb. Figure 3-07-1 shows the
plot of Peggy's Theta-E and MSLP values during the

-26 period 0142050Z to 080856Z. The intersection point is
at 050800Z. The graph of the 24-hour forecast

-20 intensity (Figure 3-07-2) demnstrates the difference

O Z 0072 00Z 001Q before and after the knowledge of theThtE

...... E ~T crossing. The average 24-hour forecast intensity
*r~P5SS5C~~Y0Cer:'Vr before 05060OZ (the first foreknowlledge of
a* 555 ~eSC~s'increased potential for explosive or rapid deepening)

S.,,S~.OS:*was 16 kt (8 rm/sec). The aver-age 24-hour forecast
5 GTSS0505,207intensity error after 05060OZ was 5 kt (3 m/sec).

With reganrl to 48-hour forecast intensities, only one
Figure.?-07-2~ A graph of the difference between the warning benefited because two days after 050600Z,
actual hest truck intensities and the 24 -hour forecas: Super Typhoon Peggy's intensity peaked at 140 kt (72
i ntensities hefore and after JTVVC knew the sea-level m/e).
presiu,-e and Theta-F line intersected (reference Figure Figure 3-07-3 shows Super Typh±oon Peggy at its
3-07-1h maximum Intensity. Peggy remained on the

west-northwestward track and slammed into northern
Luzon at 082200Z with 95 kt (49 m/sec) surface winds.
Newspaper accounts of Peggy 's fury re-ported
ninety-three people died, 16 were missing, over
116,000 families were homeless, and damage was
estimated at 2.5 million dollars. Most of this
damage, primarily to crops and villages, was the
result of torrential rain. Also, two people lost
their lives in southern Taiwan.

-5-N

-17
LI

AL

Figure 3-07-3. Super Typhoon Peggy at maximum
intensity of 140 kt (72 mIsec) (062 120Z July DMSP
visual imagery courtesy of H and HS Weather, MCAS
Futenma).
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nPHltN FOGEN (08W)

Typhoon Roger was initially enhanced by a however, the convective area became more organized as
Tropical Upper-Tropspheric Trough (LF) cell as cross-equatorial westerlies converged with the
described by Sadler (1976). On 4 July 1986. as tradewind easterlies at low-levels and an anticyclone
Typhoon Peggy was moving toward the west, away from formed aloft.
Guam, a TlUT cell was observed moving The divergent upper-level flow southeast of the
west-northwestward from a location 780 rFn (1445 km) TT cell continued to provide a favorable
east of Wake Island. The well-developed = cell environment for the tropical disturbance to develop
and its associated convection continued this movement slowly during the next three and a half days. A
for the next five days. By 8 July. a tropical Tropical Cyclone Formation Alert (TUA) was issued
disturbance had developed from this area of for the system at 110717Z. Satellite imagery (Figure
convection about 30 nm (56 km) southwest of Enewetak 3-08-1) at 120024Z July shows the tropical
Atoll. It persisted into the next day when it was depression. The first warning was issued at 1300D0Z,
included in the Significant Tropical Weather Advisory because the system continued to increase in
(ABPW PGTN) for the first time. Initially, Roger convective organization and a minirumn sea-level
showed little potential for development into a pressure of 999 mb was observed ty aircraft
tropical disturbance. Over the next two days, reconr ssanoe at 122245Z.

-..,

.A

%%

Figure 3-08-1. Roger as a tropical depression. Note
the effect of the TUTT cell northwest of the depression
which causes a deformation and enhancement of the
cirrus outflow pattern to the southeast (120024Z July
DMSP visual imagery)
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Du~ring all stages of development. Tyfphocn Roger
reained small in size. Aerial Reconnaissance
Weather Officers flying into Roger consistently S*
reported the diameter of the li ght and variable 34

surface wind center as I run (2 Iom) to 4 rnm (7 kmn).
Figure 3-08-2 shows Roger's small eye and central
convective mass.

J IW accurately forecast Roger's track and point9.
of' recurvature. Roger mo~ved west-northwestward while20
south of the 700 mb subtropical ridge; then
northward.* and later northeastward as it recurved
around the western end of' the ridge. Figure 3-08-3
shows the location and orientation of' the subtropical
ridge as reflected in the 700 rib data on 13120OZ '

%July. The guidance from the One-way Interactive 100N.
Tropical Cyclone Model (OTIcZ'), J'NC'Is primary 12 0 OE IS30 0 140 ISO 1 60*E
forecast aid. was generally good although the rmdel
repeatedly suggested a tighter recurvature track at
the 24-hour point (approximately 180 rn (333 kmn) Figure 3-08-3. The 700 mb Wind Analvsis on
farther to the east) than was actually observed. 131200Z Jl/ v showing location and orientation of the
Figure 3-O8-i4 13 a plot of' the initial and 24-hour subtropical ridge that influenced Roger's movement.
points f'rom the 0TCM showing this bias toward the The dashed line shows Tyvphoon Roger's eventual track.
east.
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35N+ f~ + +
After reourvature toward the ru:'theast * TyphOOn

Rcoger began extratropical transition cis it 0
encountered thce sheairing envirorgnnt that caused its
cor~vection to be displaced to the southwest of the
low-level circulation center (Figure 3-08-5). This
shearing away of the central convection caused Roger 30 + +
to WeAcen Curtner. The stratified natur-e of tne 17,OOZ
.uw-.evel cloud lin Figure 3-08-,)) is indicative of
extratropical transition. 16/OOZ OTCM

Aitnough Typhoon Roger passed just 415 rim (83 Kin) 24 -HOUR
east :f the island of Okinawa and Kadenia Air Base, 16,'00 0 GUIDANCE
,ne effect was minimal due to its small size. Peak 25 + 0+
gusts of 4_5 kt (22 i/sec) were reported and the 4'0 1/O
mmortnv-rn part of the islana received about I inch I5/OOZ 0 a 1/O

2- mmn) of rainfall. "U.S. military instailations 0
or Ok-nawa spent most Of Wednesday (lo July) in BES T
typhoon condition one .... (adjd Japanese schools JTRACK
were closed during the day. Approximately 4~000+ 140O
tourists were strande d briefly at Na~hs Airport during 20N+ 1+ 0 + +
tne lay as 21 flights were cancelled because of tne 125E_____ 130_____ 35___ 140E__

stormr. Airline officials said all those passengers
we re on their way Dy late afternoon." There were no Figurei.-08-4. Plot of OTCM (One-woLv Interactive
reports of injuries or significant damage on Okinawa Tropical CYclone Model) forecast tracks for period
oDr toshipping. 14000OZ to 16180OZ July.

020

Pi-iri,3-5. Satellite imagery of Roger ihovving the
ci pcc /,l c v* levecl i rt ulati on ce'ntler and ceniral

- 'rc~-tvccricn (it qclai rcl tocic iccic Nu mccc Ntccc i ct ratcic il
riur,' ,/ th i /c ,,it Icc cl lr'coA lc acccc atc c vit/c

cccrcicr,~~ Ii ci riictccc/71./ll AcOA A iiui
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11UPICAL STOR4 SARAH (09W)

The sufm~r monsoon was well estdblished and had Aircraft reconnaissance into the tropical cyclone at
stronger than normal low-level westerlies fromn the 311525Z found 40O kt (21 m/sec) surface winds. which

6.Caroline to the Marshall Islands by mid-July. Fromn promp~ted the upgrade to Tropical Storm Sarah. During
the 213t of July onward, the conditions were ripe for this period, the tropical cyclone's
cyclogenesis. After daily me~ntion in the Significant west -northwestwarid movement slowed and the system,
Tropical Weather Advisory (AHPW PGN) and several which appeared to be following an under-the-ridge
false alarms, a Tropical Cyclone Formation Alert scenario, continued to consolidate.
T(C'A) was issued for a rapidly developing area of Later aircraft reconnaissance at 3112138Z and

convection in the Philippine Sea 420 nin (778 kin) 010009Z confirmed the slowing trend and the Aerial
north of Belau. Reconnaissance Weather Officer (ARWD) reported that

The aircraft reconnaissance flight investigating multiple circulation centers might be present.

this disturbed area at 300152Z located a weak. Additionally. the ARW) estimaeted the ring of maximan
low-level circulation center with maximun surface surface winds as nearly symmnetrical with slightly
winds of 18 kt (9 in/sec) and a mininunm sea-level weaker winds in the northern semicircle displaced 20

TrpclDepression 09W followed at 30120OZ as ASahmoeclsrto th sadof Luzon, It
conecio ad ins nceaedon the south side of becamr increasingly more difficult to locate the

Susqun intensification of this systeM was shifted to the northwest quadrant (see Figure
makdfo aelt imagery by the heightened 3-09-1). Aircraft reconnaissance at 01130OZ (lFigur*
convective activity in the rmonsoonal westerlies.

.4N

Not 4 U &iSeT deagr wa o h ee'onet1n o'uL

we t44ard mo cement a, rt,s n, rrhern /lu:, *n appe'ars ti
he au Lo ne UlUoo/ .4 torI %() AA utal urma ger

55

2, .x; . .



I" /

05 ,/1059
1""/ 9 l339Z _ _*47 ,20' N

41 1354Z 1331 Z 1321Z

1313 Z
,'/" .0o8 5

1406Z -' 033
1303Z

4418, -'0 21
0 O6 5 1 53Z

4 48

/% 069
14 2 8Z 5

4 124Z Oil011s

I069 i ;3 31438Z

LUZON 1231Z 1206Z

7*4
-/008

069 4 /~o1?0
0620 1534 4008

1513 Z06 [ 1148 Z

-104019
1501Z \

,8 E 119' 1200 121' 122' 123' 124'E

Figure 3-09.2. A plot of the 011300Z August aircraft
reconnaissance mission around northern Luzon. These
data imply that the low-level circulation in the monsoon
trough (i.e., Sarah) may have remained in the Philippine
Sea.

3-09-2) flew around northern Luzon and detected only but now was moving northeastward (Figure 3-09-3).
broadscale northeasterly flow without a trace of a After 030600Z August, Sarah started accelerating
low-level circulation center. These northeasterly toward the northeast in response to increasing
winds should have provided a valuable clue as to the westerly wind flow aloft. By 050000Z, the system
location of Sarah. (In retrospect, it took more than moved to a position east of the island of Honshu and
24-hours to get the forecast back on the right transitioned to an extratropical cyclone.
track.) In the interim, the persistent deep Reanalyses of aircraft, satellite, radar and
cloudiness across northern Luzon as viewed by the conventional data after-the-fact revealed the
meteorological satellite imagery implied that Sarah following. As Sarah approached northern Luzon, the
was continuing into the South China Sea and towards upper-level circulation center became displaced from

- mainlard China. The dynamic guidance provided by the low-level center and moved across the mountainous
Nested Tropical Cyclone Model (NTC-M) and One-Way terrain of the island and dissipated in the South
Interactive Tropical Cyclone Model (OT(M) endorsed China Sea. The residual low-level vortex, which was
this movement into the South China Sea. weak and difficult to locate, remained east of Luzon

Again, aircraft reconnaissance between 012100Z in the active monsoon trough. The monsoon trough
and 020000Z was unable to locate a Sarah. This time changed its orientation gradually frcm east-west to
the rlight was west or Luzon in the South China Sea. northeast-southwest, as Sarah reintensified and moved
An aircraft mission previously scheduled to northeastward. The aircraft mission at 0113OZ

; investigate a T3C'A area northeast of Luzon, however, (Figure 3-09-2) was a key piece of data in
" did find Sarah in the Philippine Sea. Satellite reconstructing what happened in this difficult

1.aiery after 012100Z also showed a reorganization of situation. The broad northeasterly flow across
deep convection east of Luzon. This resulted in a northern Luzon implied that Sarah remained in the
relocation and an abrupt change in forecast Philippine Sea and was masked by the monsoon trough
philosophy. No longer was Sarah following the and vigorous convection closeby.
under-the-rIde senamrio into the South China Sea,
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The difficulty in locating the low-level circulation center

and understanding the changing synoptic situation
prolonged the tamne (warnings 9 through 14) it took to get
the forecasts hack on the right track.
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* "ypnCr)0 1%o3 ett- , , O rvide or- o:f the d-v isry it JI I O, ther orgr-- ded to a tropicil
.1L nV trIgnr forecaI stin; pprtor. itIes -,!" the -, ',r'etk:' Ir, aga ir ol the fifth throuli seventh
we , er

-
. Nortn lo p'i.,i. Sedso. for 7W aW s i-vs:r[o. wht-rl dtcrease was noticed in the a/mount

.rce e one 'AT I herV irl a N-0pt1nx binary of cor0vet i ye orgariilzdtiori. It wa s upgraee onc:e
er, t~or,. ,~eorgette was i rare tropical cyclone more t , tropica. storn on tn eighth .1visory arvJ

wt, rin travele.- fr ,n, the easter-, North Pacif rgior, tnen i,ia. ly dowrngraded for the ast t ime and
acr'css the -'ntral regionr anI became a typhoon in tnI fo t eci,;t to disSpate over water, on the ninth
* &sAerr, egoro (see Figure -LO-I . Duirig its ddvisC!-y Is it passed soutn of Hawaii. The Central
*wc-WeeK !ifespar 3eorgette traveled nearly h.00 rn Paitic Hurricane Center (CPHC) issued the sixth

7 l Km, through nintn advisories after Georgette had moved,

ypoon .eorgette .d an interestIrg early int. tne central North Pacific. A total of nire
nistcry . It began as a tropical disturbence in the advisories were issued or Georgette by EPHC arid CPHC
t ernSt TT; North PocOirfc , nO rim i,935 kir) ccirDlned. All ni e- corresponding tropical cyclone
so th-southwest of L.Wi Ange~es on August 2nd and warnings for the Department of Defense custolmes were
1: la--ly MOved westward. The Nava, Western issued by the Naval Western Oceanography Center.
.6a-mography Center oa,2ted In Pearl Harbor, Hawaii Georgette manintained its identity as a tropical
S- a Ty.pica n -yo r r Forldtion Alert (I11'A) on disturbance after the final downgrade arid was tracKed

th 3ystem at 0207002 after observing convective by JGWC before it crossed the dateline. It was first 1
t ors cr i tellite imgery. Later that same day, at mentioned at 071500Z on the Significant Tropical

the L.sterni Pacific Hurri:ane Center (EPHC), Weather Advisory (ABPW PG'N) as a 20 Kt (10 /see)
.Ocated i.n San Francisco, issued the first advisory disturbance 420 nm (778 kin) southwest of Johnston

C picalI Depresston lIE. The systen was upgraded Island. It crossed the dateline on 8 August while
t [r. . Ston T Georgette bliE) on the fourth moving on a northwestward trajectory.

. u....e ....... A .. ..... . . .....pl. ..i ......
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io i, s 'rs-t .i h tr ki s o is 'is I- is e S..ed t

....' . .r.tt.. en. . ....... i . . . . . .

..................... " . . .

..... ... ..... ... . ..... ... . ...

.t~~ /'~r 0 / A4 (o rnpo.%ite plot o,/ lip's and
(;eGcrg.ette".s heir trac'ks .hvh,s. h,,i ( 1(,e/ linkedc tire

twi, wvere ait thle end ](;eor .ettc's h,Q httrne'.
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,7W issued , PYA on regene~rated 'Propieal Storm minimal typhoon Status by 10O]SOOZ. Airrafat
',I) t 290ICO baSed on analysis of reconnaissance confirmead this at 102135Z, reporting

.~'c>it Im~ry hio sh~d vproed rganzatonestimated maxira surface winds of 65 kt (3msee)
: nours later, 7!Wf followed with its first and a MSLP of 913 mb.

S#-'o inc s3ys3tt), vaioi at O9OoUOZO, whien Georgette remained a typhIoon for 36-hours.
t,,-e'te re-deV&Opec d eitrdl dlejne overcast, slowed in forward speed, and reverted to a tropical

:~ :'r'i rc i~& ivestigaive Storm again after 12000OZ (see Figure 3-10-2). This
-crtt on Au~gust at 00'44Z was apparently due to the proximity of a Tropical

W-N': ;:'~i ." KtI", ,SC arid a Mrlnu Upper-Tropospheric Trouh cell to the north and
i-. vi preaur-e AMSLI. of 996 Mob. Georgette increased vertical shear.

t,: levelo)p ove,, the next 18-niours3 reachinig

0W

WAKEr~ I 0 eret nte at a ekn
Yiip ad~eoigrpd/ oisws / 09

4uutIilPi/ad raes
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Figure 3-10-3. Georgette just after passing within 30 low-level center. Tip, located to the west-southwest of
n (56 Am) to the north of Wake Island. Upper-level Georgette, was jusst a few hours away from the first

sharothestem rom the west has exposed the warning (130358Z August DMSP visual imagery).

160

Figure 3-10-4 Tropical Storm Tip as it' hecame the
dominant,"stem (Geors'ttte was still a minimal tropil i

ro rm and its exip se-d 1o Ick -eel, entler i as ii I/S/ a% it
circled ',unter, /,( k i~chut lip (14225Q/ 4 u. t
DMfSP visuat i'rr%
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Figure.3-10-6. The binaryv interaction between
G;eorgette and Tip. The Plot of their respective be.%t
tracks and midpoints are shown between 13000U1 and
lot)/ August 19t80
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to be quasi-Statlonary. perhlaps due to Its proximilty Georgette's passage to the north because it icted -js
to Georgette. a shield from the unfavorable L4per-levei shearing

The third 'ICFA was issued on 13 August without effect of the strong westerlies aloft. RErxWving Ume
new aircraft reconlnaissance information due to the translational motion anid plotting the relativea moticx.
lack of available reconnaissance assets. Laer of the two systems about the centroid or their
after an aircraft reconnaissance investigative midpoints (Figure 3-10-7) verifies the uiridry
Mission found w-inds of 50 kt (26 ni/sec) and a MSLP of interaction as the pair circled one driotnier ir.
987 nil, JnC issued its first waning on Tip, valid broad elliptical path.
at 1306ooz. The sam aircraft also fixed Georgette Duiring the latter part of the bira'y
160 rin 296 kmn) northwest of Wake Island (see Figure interaction, as Tip was moving north- nort hwes tward,
3-10-1). The two tropical cyclones were 450 ri (833 it increased in intensity and in the projcess pdssecc
kin) apart at this time. At 131800Z, they were only over Minami Tori Shim (formerly Marcus 13land,. At
separated by 400 rnm (741 kmn) and it appeared that Tip 16o6ooz, Tip peaked with 80 kt (41 rnSCtner.
was capturing the low-level inflow of Georgette and turned to the right on the 17th and headed off to)vrrI
was becomniing more intense. the northeast (see Figure 3-10-8).

A binary Interaction occurred between Georgette Tip transitioned to an extratropical cyclurw on
and Tip with Georgette tracking west -nort hwestwa rd the 19th (see Figure 3-10-9) and eventuail y
and circling around Tip in a counterclockwise motion dissipated (14 days latAer) east of Japan. TnC i-9sued
(see Figure 3-10-6). Initially. Tip was moving very its final warning on the system at 1906002. No
slowly in the same direction, but it eventually did a reports of damage or fatalities were received ori
small counterclockwise loop. Tip benefited from these two tropical cyclones.

/ 's- R I9'G!E h Jp ltu

65



-J. -P -. p -7 -1

tk

30N
160E

N

MINAMI
TORI-SHIMA

.1 4L

-4A
km A 

k

fp

109

and Ow

iltal

66

%



0 z

0 . . L 0 0..
0 0 40

.4 : 4J j 4 *

S. 0 u u

-j o

Q4 -oo

o- 1.4

68



-LI ., 0

004 0 1~z0L . . . ..............

0, , . ,,. . . . .

o- ' o,°  .  I L ..............
." ......... .... |;

4r'

0 . . -
-'-, -.a

.,- -, , -

-- 
C

.. - 4 oa

-r ... . . ..

1 % -- C" .

I . a

040

-. -. , .. 4. . . , . , - . o . -. ,-.• . . -. -.-C . . , C' , ' a,", , . . . • . . % " , % % " . , , . . % " . % " .



TYPHOON~ VER~A (11W)

y itocrl Vera was another classic "riorsoor and forecast itng Vera' jw- Ieve i circiul~ti)r .Nlte r
iepressicri"' 3see Tirpical Stornn Sarah k09W)) wnich were exacerbate-d by limnited air'craft dailablilty

-forrne',i tne rost intense and extenisive ionisoor, (due to other' nigh priority rriissiorv. fr r v -: 3
t rougiih in1 the western North Pacific since 19'74. aircraft arid muiltiple tas.<ing prouitsi with 'nnor.,

iiiii ad Corecasting the initial phases of Verd Tip lJW, arid 6eorgette hF spajr-3, syrpt I lja
froCm 14 to l6~ ALigust 198o) within this extensive dand inconclusive satellite imrigery.

trcugfi presented unique problemis for JTnC. Vera witsVea# vludont tls ftw ty X.5
roatdseveral times within the mcnsoon troughi as 'li (lOW anaeret ~E. (i1 u~

tne :ow-level flow itterpted t. stibilize around one Georgette (lIE, was imoving west-northwestwar, aill wa
o irc,,;1itio; center. In post analysis, it was located to the southeast of' Wake ISlanid. 'ihe CA'set

- eternir& that Vera was actually two systemr: tne of the intense arld !X tf,3iVe' MuhoS(, ttruOgh
* f~irst ,Vera 01) stabilized only briefly, reached associated with C orettt,''s;L l rgc.wa i

tr d Za stor. intensity then dissipated in the ntcdatatirasuuwetrygdlrtwInd
O~lr Philippine Sea; the second (Vera #2) for~r*3d of' near O kt kli rrw'seu were- ,AbSer-vtd at YaP WK)

at tr nortneast periphery Df the mrinsooni trough-, 91,41
i, :Iruk ('W!& jl3314 And PuhrAi Wmt . )4i6,.

- over -I' %rr'. nn i.fo Vr 1 eelpdsol eorg ette li1E, was posit ,,Ae' at the tlas ter I eli

dr.-d r-eaonec typnoor. i-tensity before crossing Ok i nawa this trough Figure w-Il- ',wun -'-end"' f'Vsri the(
tnt' #r.rear. pe-n~ .nTe prubltris iri'.*oating Phiiippine Isad ite ae ).Uri ,riet tr*

1A i . . titnt* ~'nn. ,...........
Yt.runf r / / ipp r'IIir . te I ni

7,Jh rn rJhe't~sr et. i)u .i1

!/L r~ .i').1U i Ihp .. (

'./ t4N
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.Wrisoor. trough wis dcccimpanied by an extensive cloud eventually became Vera #1 was never mnentioned a h
raiximurrt it, the Philippine Sea (Figure _)-11-2) where Significant Tropical Weather Advisory (AI3PW PGaPW as

% Vri L CLrre. An interesting feature of the trough a suspect area, dltriough several other areas In the
Nwas heunusually low pressures, which were evident monrsoon trough were being reportedC on,.

i~ong the axis Cf the trough between 12 and 1 The fi rst Tropi calI Cyclone Furukit 1on Alert
A~ust . Thnese pressures ranged frzn 99o to !00t0 mb. ('f1CFA) was issued on 14~ August at 00002. TIsI was

%By the end or the second weew of August gale based orn convection. that had persistedC lor, lz-nours
frewesterly winds were present in the southerT. and' was colocatec with an analyzed 011t'Oultlcn Cenitr

Pi~n!,pine Sea and transitory light and variaible in the surface/gradient wind fil. The :CF: A wdo
rc lator centers forihed along the trough axis, reissued at 1500002. as satellite imuagery inrcicated a

.r atjelllite imagery provided little help in locating slight increase in convective curvature. It appearud
:iny :f these circulation centers in the wind field that the low-level flow was beginning tou stab,,iize

ue to the transitory nidt Lre o f the central around1 an area located approximately 4,'j tr., 778 Knt
convection. Consequently. the circulation that south-southeast of Okinawa, Japan.
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uMonsoon troughl. The analysis (Figure 3-il-5' was Analysis .NNA) stem O IalsS btm?--r t
12-hours prior to the formation- of Vera #2 that was and :'20. go-s -.- ari- - Aj ,a-~ .j

(perhiaps mistakenly) maintained as Vera after being the rd-w.tro,,wh -scII ataa o r. h 1.
relocated momr t han 3o0 rnr (o67 Kmn) t o the I'I I Jh la.2 X;u .t,-, YI 3p It I e Y
east-northeast. The satellite dIata pr"WrteO thie was replaced !,y "Y" Jirr eat .fa .~

first warning on Vera #2 at 1T1200Z. The draatc. rlig. p1ruvi leA! tr!" :tke±r'l!,J !,!w o ~.".1a
relocation was verified at 18071OZ, wheni the fir::t re,,urvtre or.. ' u'.t Vera C Tf~ I0
aircraft reconnaissance fix position~ In over 3Uu-jr mximumrr -!'~ I- mi.,
(FIgure 3-11-7) confirmed the Presence of the '-I Kt 4' -r o ur. -ALu .s, , s r r t~rri: .
(26 m/3ec) system embaedded in, the motrsoon trough. t.-Wardo'rl w

T1he sudden and dramatic formation of Vera F Vero #. ''htiriueud I. ive *tfllWz a

* ~caused many problatrs for the fleet custome~rs as well :ur. Ire t'idt~ruegn the :bt!I, rsr'i-a tj .i

-. as for the forecasters. it, essenice, Ver-d #1 hlad ueefi the ln. 1, o*rawat ,-ate r. trhe t 1
forecast to move slowly toward the west -nort.hwest for na-fra-cs o! pruvij-< l Iue I tO.> , ..r *2.a1
thiree Jays when the relocation occurred, plac2ing the With A)-;O.: w,irarg L*-fure thie _'II,t p1

* ~system 360 rim (00)7 kmn) to the east-northeast In a 3ix appruIcri lA .- ej A. dircrafar2sr,
hour period. Confusing and conflicting satellite bernea.,i fte, euW. s- o
imagery provided little insight into the lo)Catiun f 0, hit Altr. ,raxi-rumr utlAdari .e ae
tho systti during these stages. At 17120OZ, a'erd f.. 6- at ".a-i7 , e.
was at tropical depressi on initens9I ty and rrkvirg III,, if"o.r ar it. xtr4-. trarI

* .slowly northward. For the rlext tnree Jays, Vera K' priase I #Vr- . 's t rck taegar. c r; A*ogoU
- . ~intenisified slowly, mitcving erratically at first, ,r e lrgte msterr. per~phery f teStr

then slowly eastward within the rmonooax trough. VIhe riogt-, Vera. f. "K Se~-~ 1a sow-! aT
- . ~intense trough was again, asserting its influence i. KIM/ r V, r ,~o.f.rwataia pr

the system's track<, as the rirmants of' TIp ld 101aa--. . .rief'r ra'i-, .L
provided the "anchor" at the eastern end of the Arldoas.' re.t '4t K,Or -r ~rha .- i
monsoon-al flow. Verad #21 continued to move aaastwartl ltr Af'a-r passir.z V-ast Ihgai-i. b)ega
with the monsoon west -southwes terliles until the -,Tric, t mcest- rnr~rh~swa'. ' a . ',th
when it slowed and began. t-, track northward-. trojpica; cyir n ai ,.,3t its, ,uiri"- tI. *r'. tt

"he synoptic situation governing V era #Z s l OW-lee 1 4,' 1 1~a wid4 -F-.I "bo arkd Weauaa-ri-af K

movemnt began to change on the 21s9t, when a small 1. ac. ?~ja -1 I- shows.'rF 0 t:.a
surface ridge appeared to be building to the north of to lardfadl Ieair Kir,_sar. A"-. Heprat.. U -a a

Vera #2. This ridge continued to build, helped lrecirr,,s sld cth rrr,4 n.--xp .

pertlaps by Increasing L4per-level convergence to the low-level :ircu-ati r.';. lrtl -t,r aOf.a
east-northeast of Vera #2. enhancing subsidence ir. oyclo)ne rsi!rr. 1:t f.-Xrrp-a5'af.
the upper troposphere andt ridging at the surface. iera CF,' '-adrx tti ova.pffM. a,.

Between 22000OZ and 2212002, Vera #2 1 t,1ea Anrtnsity .4o y- ! 't a if K
northward. andt then westward. as thte o)w- t , ccelIe r-at 'Lrg 'vt4-ar ai 1
med-level ridge became firmly established to thne oxtratrop.-i tr15 i-t--Ws- h* 'a

north. TIhe shift in the steering flow is evident iii jp.
the change In the 700 nii Numerical Variatis-rial
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<1,1d1tiori tc t'he ptk~m or Crlirg ana vessels sough)t sheltErf as Vera #,' Appr'uacnecO. x. tro-

%trg tne- i:1tia' o-><-Ivel "t,It"r, ,Vera #2 lslar~l ofr Cheju. b0 houses~ were J.-str-ye % i.e-,viritz ,u

:eerab 1np e t5~ IL -istr" ies. It It.l hoelosse. In' SuhierKoresi tneoplfi
!1V.d,ter ': 1 V er; h P i1.ed a D28 nIIUx-' iofle poiiang ovnr oecisiong dollars~ wuyur~v to
a ' U~se- rx nif, or est ,A te city. of' ~ was seotrong nn5xa rttengsiv Iaag dito, n

n.. N wAer~z lins fr prted names. iedn eatthan 7mj trees wfer fele for thr'* days r a!

1"",~z e ver~ 3strIyDs ad sea0 irgitey Iorer inte retr spct,~l tha Wackr(rs perla ifficuLy

le~:e., ec tcrvstore e.ectr-cal supplies and to, the Initense monsoon trough that extended thruugnc2A
.re Kes j.or4g the hu.Wgu river and tne coast the entire western North Pacific for, most of August.

~resecre.NCNA also reported that more thar, 3,000

r.l

SE U

agur, era n f? neFARIPIR slage7-7
eluratripi(ai ftaasitn just prwor k, lan4'll mr,ea Kusu

p'AB Repuhhn of Ko'reaz Y)2XI/ 1 ugas kt f4.4 vniiLl
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TYPHX" wAYN-' 1l26)

':ypioo, W y wis r e c ' the rige" t - 1 1ve ,r - t~r 1t I tli- r:rniusi trugu ttllougnuut the
opi h *-erhstr 1 n Jcint :irirtl, j:' A,*is :r rly St-pterrt r. Nor-th of

ft11. o..ov-e th' r.t v11V-' C:-t wnliri 'm ~ ie is1, io of Luzor,
')Ue g". I yt ypi lr.t tn .... y T 'Jpti ~t it. Ja'I OOOOZ

* c stii~ rt~o ,i1"A'W 't'4: A surf'ace Circulation with LsO
K t 2I xii i ii,iffiU. sed-1eve pressure

WA rlilSyst ri: tzo"t C~~n. o. tin jtL' t ,, .t prcinptte J U, to0
Ar ~ estetl. ?.4e .'e*,u.- -i. g-otho ~oi 1~.rsr Advisory

ugfl. tr t i re Ate, it x- tiKA- Pu I'AI it 1 .22 ver tr. ie Oxt wo to three
tn'ree 4SlnJA CIgUrt: tIgM. ..- ir-inery th-2 1~ .3t~i. 7iRV,' l'juthwelt~sti'd al10

-'-'t t2i * Ay.;o 12 3Iit-o qi ro II.r>. t.1. ~ prui O-yclone
! 5'e!e tA l ,', 1 stili Over tl opicI w ,ttei5 . cmnr* tnr. .-. i - were 1isue- dt 040OZ on the

.~tze mrlidle MfAgste irns3'X: trt*.,gh utr.,I,'tn rsiitrrD: Auguist t. acvise oustaners; or
w e estifio3e tr. tnhe western North Pa if 1, in- the gx -1~t5 f..r ev,!,- -ickr.t of a significant

'tiiu Se~. Between -'J -le -de-e No rtolt oon-t. :

-e iteXterdIec fromT, certr.1 'lvtr~c. -stwr.i Aft~sre.-vr~ 1Cr reontnhissafce reports~ -. ,d. St ronge~r thri nork,. I<~-v of4 .t2 s--. MLil 2) 9b- i , 1O24
.e- cs erquatorwrm of t he trough jx iA wer ntu. ~.-,te fi rst wa ri7 a s isue on
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Figure 3-12-2. 'Aavne shortly before the aircraft
reconnaissance mission (Figure 3-12-1) and first
Yarning (180028Z August NOAA visual imagerv).

i/n -iTV a---c, v~li t mid-Latitude troughl began to (:Iepen and move eastward
across mrainland China toward the East China Sea, At

t,' w,- lay. to-e 3y'n)pttc sca''LEI 2O000O0Z. this trauflr and associated frunt, exttnded
- p f-c tc tre e't wu across the Yellow Sea southward VIo the southeast

-- ~ ~ D 'M 5CWt / /t>rtwetw coast1 uf -hins. Also, at 2000002, Wayne assume,'
V ; S '1 er", >5 - f poa r inortneastwa rl track towards Htong Kong aind the senut:,

5 - --- ~ ;-v tirr't tr-js .tfa>;t-c o '-a1> r hina. Hong Korng'1s ra in-, it
/ atI A Mem~r .-< w LCC ?~fxSirHong, Kong local time) !~ra y



digitally depicted the rainbands surrounding the eye northeasterly steering flow associated with the
(Figure 3-12-3) as Wayne passed to the south and subtropical ridge. As Vera (11W) approached. Wayne
east. Another view shows the eye of the typh~oon as decreased significantly in intensity andi central
it was rmtely sensed. five-hours later. 450 rn (833 convection. Increased vertical shear and subsidence
im) fr-o space (Figurae 3-12-4). Oni 22 Auust. associated with Vere (11W) strpped Wayne of its
Typhoon Wayne moved northeastward across northern supporting oentral convection. As a result.* only a
Taiwan and weakened to tropical storm intensity after smll low-level exposed circulation center reained.
interacting with Taiwan's rugged mountains. In the A final warning on Wayne was Issued at 250600Z. but
meantime Typhoon Vera (11W) had becoxme the dominant J'l' continued to monitor the disturbance for
system in the Philippine Sea and began moving rapidly possible redevelopment.
toward the west-northwest. Oni the 24th, Wayne had As Vera (11w) moved northward (261200z). the
moved rapidly west-southwestward and through~ the reminsr of Wayne becam entrained In Vera's extensive
Luzon Strait (for the first time) In response to the low-level inflow and begn to move east-northeastward

0(1

10 so-

HMCi
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Figure 3-12-4. The e,'ve of Typhoon Wayne. The band
of cloudiness associated with the weak front, extending
east-west and just to the north of the typhoon (2102(X)Z
August DMSP visual imagery).
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Synoptic Chart. Note the 30 kt (15 misec) and 40 ki (21
034 n/sc) sip epotheuoia with Wayne.

110 115 12@* 12"

for the second time. The 27120OZ surface analysis
(Figure 3-12-5) showed a MSLP of 998 nib, 30 kt (15
M/sec) ship reports, and 40 kt (21 n/sec) ship
reports - indications that Wayne had regenerated.

riThese synoptic data, coupled with supporting
satellite reconnaissance inputs, prompted JT.WC to
begin issuing wrarnirgs again on Tropical Storm Wayne
at 280000Z. Wayne headed northeastward through the
Luzon Strait for the second time.

BY 31 August, low- to mid-level ridging built
e . back across the East China Sea in Vera's (11W) wake.

* 4Wayne's mement toward the northeast slowed and
changed toward the southwest - back through the Luzoni
Strait oni the 2nd of September for the third time!
After 30120Z, and until 05180OZ, Wayne maintained
typhooni intensity (Figure 3-12-6). Once through the
strait, the typhoon accelerated westward. As it
moved away fromi Luzon. Wayne reached its peak
interisity of 90 kt (46 ni/sec) at 0400Z. Wsyne then
mved south of Hong Kong, north of the island of

* Hainan and across the northern Gulf of Tonkin before
*dissipating over land over soutnern China. JTNC

Issued its final warning at o6o600z.
* As a result of Typhoon Wayne, 52 people were

reported killed and 97 people were reported injured
in Taiwan. On Luzon, 19 people were reported killed
and hundreds of people were reported injured. In
Vietniam, dozens of people were reported killed in
addition to the nundreds reported injured. In total,
ters9 of thousands of people were left homeless and
Millions Of dollars worth of damages were sustained
to crops and property due to torrential rain induced
flooding and hign winds. In siziulary, Wayne Was an
extremely long-lived, complex, difficult to forecast
"mdget" typhoon that struck Taiwan twice, transited
tne Luzon Strait three times. caused extensive damage
and loss of life, and proved to be one for tne record
books.

Figure 3-12-6. Wayne at typhoon intensity southeast of
Taiwvan as seen by the H'ualien radar (WMO 46699) at
30120OZ August (Photograph courtesy of the Central
Weather Bureau, Taipei, Taiwvan)-

%



3. 0;

*o Q. 0 .0 - .

100

04 a 0 . 04

Z- &a,
0. *. *

Q . T

- : j o ~ i; I "*-** .

~ 0

I Iv

~~tl



T!PWM ABBY (13W)

Typhoon Abby developed In low latitudles froma a9SPEBE 2O
* t~~road area ot convection. moved nrthesward and 0 ETME 20

eventually recurved around5 the subtropical ridge.
While in Its formative stage, Abby gave Indications ism1* - - -

that it might develop rapidly, however, It caused
little, It any. daage whe it passed within 30 rn

(bicm) south-southwest of' Guam. Later as a typhoon,

it Inflicted heavy damage and loss or life on the I -ar

therotntia te trdoa cyclot ne einnitin thor
i~Spemer the~i Tese taor plunedswar veraomE14 g* ir e 6
vItsnshear (Fsigo 3-13-1 associated with aitare o
bertwetni14coavectio0 southest Eat Logiue. pTeds
dilaonmethe coupled wihmcan Trsropca Wethwo5mbNAWND

Advlibsor Abelw orm). For thre daso tireag ad
chighdess coaninuraled se to tlo soyst i dite2mbVAWNS

toeardequtheia wesrlesfomNe Ginea eaaird iwe31-.D7r btente95m n
-~~~~It th reonissanrt osndest. T h radlo1twa-5levelwnfro 9ZSetmbrdfiea

westaer tlowalony broad surace rovecin. risedrao ow ria d ha aoalefrtoi
te-leel ressroes at 1006clond 20nsi towith(10 toeeei.Sldlnsimct 2m dd;dse
13monsecn srurfac wind fct. lslo vernca indie 2450 1u sc ISinlab.*

wind~ sha (Fgr 3431 soitd iha rao

pesstn cnecin otwetofTuk rope

menton n te 0193ZSgiiatToia5eahr*0bNAWNS--

~~~~~~~~~Fge312 01)ZSeptember fondolybra surface togig iiu rao o etclwidserfvabeortpcl
sea-levl pressres of1006 m rand e0tleve sctrea0 n anlyo cyhoein Soi nsblc 25m id;dse
13eprt which) surfacee winds fi wins ndct Typhoonndr
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lh ,3 00X) 0 ' ur-rdce_/grJad lit - l ev,-l strvatnl irie the -sis:3t .s ' .t!',1 pr- it I.f'1;4 Ii J lw, p. AI-
arna~y3is includd i e 3'- Kt (18 Mise-C ) 3tnip r-Wr-t with Al i A,, 4t iW :iuf.i . I :i i! ! .
xNie 3ij K( I i.5C 5 ,W " hip, r~up)rt. (lW! J3 iut (, rld1 ir. An a neosui 1 pe-p. , were V,,c.

m, sec) gradiffntItee wind nepert andi iiidiatt_-O that property Aldiugp wetre 11t itri1ted .t: li ,I
ai minimun 3ea- level pressure*, Jf 100. rrb ViU lphx Abby fe'to- 1,~t I ' A. y
associate'd With the system ri uru 3-3< .1hstd Lin irttuf.sity f'olluwilng its cu0iiao witth .,iwat_., 0
this informdtion, the first wiriing was Issued it upper-level circulation travele(,i icrosnc the -i .4 ,
1300OZ, which located 1'ropical Dkpression 13W 1,'0 tin while the low-level circulation ion vo p trw iK1'
(222 Km) southeast of "tmz. Lxwirig this early east COdst. Withc'ut the u)per--le.v(1 rclta,.rI
period. Abby was ilarge disturbaince, which ldCKed a suipporting convii.tion, the low-level vote-x we,,K rlIe
pers lstent onntrdl dense overcast (COW) (Figure arid acceleradted toward the riortn-rior,w.st. A,
J-13-3). begIinI ng at 140WoOZ, however, Abby began 20120OZ, the rinal warning was issued ,,ri Abby a>. it
to develop its CX). 'Nelve to eigitate1 hours later, dissipated over the East C~hina Sea.
when the C) feature became firmly established, Abby In retrospect, as Abby approached T1alian irvj
slowed its forwar'd moxtionl and intensified. As a recurved there were some i:data col lection protiem..
point of Interest. the bari or maximum flighit-level Aircraft reconnaissance dat-a to s4ipert Vwa~rigs walli
winds was displac-ed 70 to 120 rim (130 to 222 km) fromn limited due to reduced aircraft availability, the
the 100 mb center oni 16 September (Figure 3-13-4l). proximity of the no-fly line and the rigged islerid

Abby reached Its maxirmu intensity of 95 kt (4l9 topogr-aphy. Determining the initial position of Abby
m/sec, at 1810OZ. Twelve hour-s later, it swept past was complicated as a result.

40
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71 PH(X)N BEN 141m)

Typhoon Ben was3 the 3eoorLId or two tropical initial warning pos It Ion. wh 1 cn wa5 baaed )r
.yclones that reached warning status inl the western satellite data, was 160) nfl 333 Kin) north &r t~e
North Pacific in Septdniber. Ben resulted in the loss Island of Pahrnpei. Later aircraft ruat ~ c
at sea or thirteen fishermen from Saipan, who had data at 190730Z resulted In a loGrgi ui-* Kmt
sought shelter. as It passed by the Island or Pagan relocation of ben to the northeast and upgrade- frua,
ir the northern Marianas. (The tragedy of the lost tropical depress3ion to tropival stofl. inter.sity (1;
f isnermen at Pagan was that, although1 the advanced the second waring.
warning was accurate, the captain apparently decided Ben's initial forecast track was
to leave Saipan for the nrthern islards anyway.) It west -northwestwa rd with a gr-ddual Intensity increase.
was a long-lived typhoon with 46 warniings issued The early forecast tracks were in close agrtxa1ent
between the 19th and 30th of Septmer. with dynamical and Statistical guidance. This3 ma de

TponBen developed fromn an area of enhanced Ben an immediate threat to the island of Guam.
convection on the 16th of September 165 rn (306 km) However, Ben did not track as forecast, but instead
southeast of Kwajalein Atoll in the Marshall Islands. moved north-northwestward until the 20th at G00Z;
It was mentioned for the first ti!me on the after which It began a wLest-nor-thwesterly track

* Significant Tropical Weather Advisory (ABPW PlCT') towards the northern Marianas.
later that day. A Tropical Cyclone Forecast Alert Ben was forecast to reach typhoon intensity
was issued t wo days later, at 181830Z, after between 200600Z and 210t)OOZ September. However, its

-stlie imagery (Figures 3-14-1 and 3-14-2) forward movmnt slowed and its intensity decreased
i ndicated a rapid increase in the amount and to 45 kt (23 m/sec) of maximum sustained surface

-organization of convection. The Dvorak intensity winds. This decrease was due to increased vertical
estimate Was 35 kt (18 m/sec). shear from the north-northeast. At 212124Z, the deep

The first warniing on Ben, as Tropical Depression central convection became displaced southwestward and
14W. was issued on the 19th, valid at 0010Z. Ben's exposed the low-level circulation (Figure 3-14-3).
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TYPHOON CARMEN (15W)

Typhoon Carmen (15W) was the first of five
Iignificant tropical cyclones that occurred in
October. Carmen followed a recurvature track that
took the system between Guam and Saipan. Carmen was
slow developing, but deepened rapidly prior to
recurvature. The point of recurvature was 935 rn
(1730 km) east of Taiwan. JTW'Cs forecast statistics
were- excellent.

Carmen spawned in an area of convergent flow
associated with the near-equatorial trough east of
the dateline. On 270600Z September, the disturbed
area that became Carmen was first mentioned on the
Significant Tropical Weather Advisory (ABPW PGTW) 350
nm (648 kin) east of Majuro Atoll. The poorly
organized convection was enhanced by divergent flow
aloft. At 270000Z, when the surface vorticity center
was first noted on satellite imagery, the minimum
sea-level pressure (MSLP) was estimated to be 1009
mb, and the maximum surface winds 10 to 15 kt (5 to 8
m/sec). The tropical disturbance's organization
remained poor for the next four days.

A Tropical Cyclone Formation Alert was issued on
011230Z October based on a flare-up of cloudiness Figure3-J5-2. Winds and heavy rainshowers affect
detected on the satellite imagery. Because of the travelers on Guam on 3 October (Photo courtesy of

system's rapid development and location 330 rn (611 Guam Publications. lnc.).

.n) east-southeast of Guam, it presented an immediate
threat to the island. The first warning for Tropical
Depression 15W followed 11-hours later when satellite
imagery showed continued growth. Later, aircraft Carmen intensified at a slower rate than normal.

? reconnaissance at 020326Z fixed a low-level This slow intensification was advantageous for the
circulation center 480 rn (889 kin) east of Guam, Mariana Islands. The maximum intensity at the time
which was a significant displacement from the earlier of passage through the Marianas was only 55 kt (28
satellite derived position. These data, which m/sec) instead of an expected 77 kt (40 m/sec). The
included a MSLP of 1001 mb, maximum 1500 ft (457 synoptic data (see Figure 3-15-1) reflects Carmen's
meters) winds of 45 kt (23 m/sec), and maximum presence between the islands of Rota, which is 60 rnm
surface winds of 40 kt (21 m/sec), led JT'WC to (111 kin) southwest of Saipan, and Saipan (WM1O 91232)
relocate and upgrade Carmen to tropical storm at 031200Z. Automated weather reporting stations

. intensity. Initially Carmen was forecast to pass provided the timely observations from Rota and
south of Guam. It soon became evident that a track Saipan. Maximum wind reports from Saipan were 31 kt
between the islands of Guam and Saipan was preferred. (16 m/sec) with gusts to 41 kt (21 m/see) at 0312002;

for Rota, 35 kt (18 m/sec) with gusts to 53 kt (27
4, m/sec) at 031500Z; and for Guam (Figure 3-15-2). 30

kt (15 /sec) with gusts to 40 kt (21 /sec) at
031155Z. Carmen did bring heavy rain, 10 to 11

-. <,inches (254 to 279 rmn) for Guam, and flooding to the
southern Mariana Islands. but caused little
structural damage and no loss of life.

Aircraft reconnaissance at 032350Z, which

11Z 12Z 13Z reported a MSLP of 993 mb and estimated the maximum
_ _ _ _ _ _ _ _surface wind to be 65 to 70 kt (33 to 36 /sec), led

G41 6 PKWND 31 PK WND 31 JTWC to upgrade Carmen from tropical storm to
SAIPAN1 typhoon. Aircraft reconnaissance at 042355Z reported
.- SN a drop in MSLP of 26 mb to 967 mb and at 051510Z• (,WMO 91232 - '-' reported another drop of 28 mb to a MSLP of 939 mb.
WM0 13 This was a total decrease of 54 mb or an average of

_1.4 mb/hr for 39-hours (see Figures 3-15-3, 3-15-4

1' PK ND45 and 3-15-5).ROTA 0 QThe forecasts for the recurvature of Carmen were
60NM SW OF excellent. The 72-hour forecast errors covering
SAIPAN PKWN223 PKWNDIS eight warnings (the third warning through the tenth)

were less than 80 run (148 kn). One of the pieces of
G37 G49 G41 data that helped was a synoptic track requested andANDERSEN 044 055 48 flown on 03 October from 0000Z to 1500Z. This

PGUA synoptic track (see Figure 3-15-6) revealed a
WMO 91218 6 6 weakness at 500 mb in the subtropical ridge 480 rn

PK WND39 (889 kin) northwest of Guam.

G41 G42 G32 Typhoon Carmen reached its maximum intensity of
100 kt (51 in/sec) with gusts to 125 kt (64 in/sec) atPGUM 051800z. Afterward, cooler, drier air associated- -. with a toid-latitude trough east or Japan, Was

"WMO 91212 PK WND45 46 entrained into the system. The aircraft mission at

052306Z reported that the eyewall had become ragged

FRure3 15-1 Synoptic data showing Carmen's in the south through northwest segment. Satellite

pa.,,agehbetweenSaipan(WMO912.2)andthe islandof imagery at 061200Z confirmed Carmen was being sheared
•R,,ta. whith i.s 00 nrn (I I I km I southwest ol'Saipan. from the west by strong upper-level southwesterly

flow, which caused the tropical cyclorne to become

elongated southwest to northeast. By that time,
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Figure 3-15-3. Typhoon Carmen before rapid
deepening and just after it passed Guam (040444Z
October NOAA visual imagery).

"IN

(AAN

Figure 3-15-4. A matu. Typhoon Carmen 19-hours
after Figure 3-15-3 and rapid deepening (050013Z
October DMSP visual imagery).
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Carmen had already passed its point or recurvature.
At 070005Z. the aircraft reccnaissance reported
moderate to severe turbulence in the northwest
quadrant of the system and indicated the eye was no
longer present. These were indicators of
extratropical transition.

Subsequently, Typhoon Carmen accelerated in
forward speed to about 25 kt (13 m/see), while
maintaining an intensity of 80 kt (41 m/see). After
recurvature on October 7th, the VSLP steadily
decreased and the winds rvmained nearly constant. At
071600Z. satellite imagery indicated Carmen had
acquired subtropical characteristics and the maxima
winds were 65 kt (34 m/sec). A wind maximum an the
eastern portion of the trough caused Carmen to
accelerate toward the northeast faster than forecast.

JTWC continued warning on Carmen until 081200Z
when the system completed extratropical transition.
At that time. extratropical Carmen had 60 kt (31
m/see) maximum winds with gusts to 75 kt (39 m/sec) Figure3-15-. Inside Typhoon Carmen's eye. This
and was well north of the tropics. scene Lsfrom doe arcro reconnasance mitsion (AF966

0715 CARMEN) at 042355Z. Compare the low cloud
spiral in this figure with the remotely sensed eye in
Figure 3-154 (Photo courtesy of Captain Susan K.
Waiters, USAF).

'44e

,.

20

I-W

Figure 3-15-4. The synoptic track from 03000OZ to
03150Z October 1986 identifies a break in the
subtropi cal ridge,
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TIOPICAL STOR4 DO (1bW)

Figure 3-16-1. Tropical Storm Dom slowly developed from a tropical disturbance 340 nm (630
km) east of the island of Samar in the Republic of the Philippines. It was first detected on satellite
imagery on the 2nd of October and placed on the Significant Tropical Weather Advisory (ABPW
PGTW) as a suspect area the same day. Dom struggled along for the next six days as it moved
west-northwestward across southern Luzon producing heavy rains and flooding. The flood
damage prompted the Philippine Meteorological Agency to begin warning on the system prior to
JTWC. JTWC issued a Tropical Cyclone Formation Alert at 081800Z when Dom displayed
increased organization and convection after entering the South China Sea. Surface winds at that
time were estimated at 15 to 25 kt (7 to 12 misec). Dom was upgraded to tropical storm intensity

%on the first warning at 090300Z. The warning was based on aircraft reconnaissance reports of 50
kt (26 mlsec) estimated maximum surface winds and a minimum sea-level pressure of 1002 mb. A
well-established ridge located north of Dom provided strong mad- to upper-level northeasterly flow
caused Dom's convection to be sheared to the west-southwest of the low-level circulation center.
Later, this shear, when combined with the increasing interaction with the rugged terrain of central
Vietnam, caused Dom to weaken and dissipate. The last warning on Dom was issued by JTWC for
11 1200Z. The satellite picture shows Dom just prior to the issuance of the first warning (090215Z
October DMSP visual imagery).

F I

'0p

00 A,

I 'rl
.... .- ~ . .. . .

[% %%



- - - - - - - -rr - - - - P -I . I v

.00

-90
::. ~ x 9 : :o3.P

0Z-~ f 00 0

. ..,~ . . .r .

Wflp T:-

J 0
. .. . . .

* . . . . . . . .. . . .~

.. . . . . .

* 100



TYPHOON El.-I (17W)

Typhoon Ellen was the third cyclone of five that again showed an increase in organization. The
developed in the month of October. It followed close initial aircraft reconnaissance investigative mission
on the heels of Typhoon Carmen (15W) and Tropical found only a weak circulation in a broad low-pressure
Storm Dom (16W). Ellen proved to be a difficult trough and estimated surface winds of 10 to 20 kt (5
system to forecast. particularly when it encountered to 10 m/see).
weak steering in the South China Sea. The system By the following morning, Ellen had changed
traveled over 4000 nm (7408 km) from its inception on significantly. The second aircraft reconnaissance
the 3rd of October 250 nm (463 ft) east of the Majuro mission at ii0122Z reported a Lnimun sea-level
Atoll in the Marshall Islands to dissipation sixteen pressure of 992 mb with estimated surface winds of 45
days later along the border of southern China and ct (23 m/sec). JTWC immediately issued its first
Vietnam. warning on Tropical Storm Ellen. valid at 110000Z

As Ellen moved westward through the Iarshalls. (see Figure 3-17-1).
the Significant Tropical Weather Advisory (ABPW PG7W) Shortly after its development into a tropical
was reissued late on the 3rd of October, at 1800Z. storm, Ellen moved through the the central Philippine
The disturbance in the monsoon trough had shown signs Islands. Only a modest weakening to 40 kt (21 m/sec)
of improved convective organization on the ratellite resulted during the 24-hours it took to make the

... Imagery, passage.

Ellen finally developed into a tropical Upon entering the South China Sea an the morning
depression as it passed 120 nm (222 in) South of the of the 12th, Ellen turned northward into a region of
island or Ulithi in the Caroline Islands on 9 weak steering current and slowed in forward speed.
October. Twenty-four hours later, JTWC issued a At that point, most of the statistical and dynamic
Tropical Cyclone Formation Alert when the disturbance forecast guidance predicted the tropical cyclone

! .j

" Figre 3 17-1. Tropical Storm Ellen at the time of the

.__ second aircraft reconnaissance mission thoa found 45 ki
(23 mlsec) surface winds and a minimum sea-level
pressure of 992 mb (110134Z October DMSP visual~imagery)-
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would recurve. This was the forecast philosophy that later, the south coast of China pressured Ellen
was followed. Later the One-way Interactive Tropical northwestward.
Cyclone Model (O1'@t) changed to a more northwesterly,* After reaching a peak intensity of 60 kt (41
and eventually, westerly track. JTWC stayed with the m/sec) on the 14th (Figure 3-17-2), the vertical
recurvature forecast until the 16th when the Typhoon shear from the westerlies remained too weak to shear
made a definite turn toward the west. Aircraft away the central convection and Ellen maintained
reconnaissance data provided this critical tropical storm intensity almost until landfall
information. The three hourly movement between the northeast of the island of Hainan. Figure 3-11-3
intermediate and on-time vortex fix positions provides a radar view of the rainbands as the system
confirmed that Ellen was headed northwest and not passed south of Hong Kong on the 18th. There were no
northeast. In retrospect, the low-level surge from reports received of heavy damage or loss of life
the northeast across the Yellow Sea. Taiwan, and attributed to Ellen.

'',p

', 

LL

Figure3-17-2. Weak vertical wind shear over the
-* South China Sea enabled Ellen to intensify into a

typhoon. Its large eye is visible to the west of the island
of Luzon (I150153Z October DMISP visual imagery),
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Figure 3-17-3. A digita radar pcrefTopalStorm
-~ Ellen as it passed south of Hong Kongf To hZ 8ho

*4~~ October at 064OZ (Picture pro vided courtesy of the Hong
-~ Kong Royal Observatory).
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TfTPW.)G FORRST (18W)

Typhoon Forrest was the second tropical cyclone development. As a result, it remained poorly
to begin east of the dateline and move westward into organized and continued moving west-northwestward.
the western North Pacific. Forrest was a classic Sparse synoptic data indicated the minimu= sea-level
recurver and a small, compact system. The track and pressure (MSLP) was approximately 1008 mb and the
intensities were well forecast with the exception or maximum sustained surface winds were 10 to 20 kt (5
the intensities being a little low throuh the first to 10 m/sec).
half of Forrest's lire. An interesting point to note The rientation of low-level clouds on the
about this system is that the upper-level vortex visual satellite imagery at 120000Z revealed a broad
appeared to develop first and then built downrard to circulation center in the western quadrant of deep
the surface. Post-analysis or synoptic and aircraft convection located 320 m (593 kin) east of the Bikini
reconnaissance data indicates the stronger upper- and Atoll in the Marshall Island Group. The intensity
mid-level winds did not begin to reach the surface was estimated to be 25 kt (13 m/sec). Later. at
until after the 14th or October. 12180OZ, Forrest demonstrated continued growth. This

On 9 October. personnel at Detachment 1, ist prompted reissuance of the ABPW PGW at 122000Z to
Weather Wing, Satellite Operations first detected upgrade Forrest's potential for development to fair.
Forrest on satellite imagery as an area or poorly This trend towards increased organization (Figure
organized convection in the trade wind trout 600 nm 3-18-1) continued and resulted in a Tropical Cyclone
(1111 ftm) east of the Marshall Islands. Over the Formation Alert (TCA) at 132000Z. The first
rxt 18-hours the convection began to slowly increase aircraft reconnaissance investigative mission flown
in organization. Once across the dateline, it was into the disturbance on the 14th of October found
first discussed on the Significant Tropical Weather multiple low-level circulation centers, a MSLP of
Advisory (ABPW PGTW) at 100600Z. At that stage, the 1008 ch. maxion winds or 10 to 25 kt (5 to 13 n/sec)
amount of convection began to decrease, but a small near the vortices and 30 kt (15 m/see) displaced to
cyclonic vorticity center remained. Over the next the north. The T(FA was reissued at 142000Z. since
48-hours, Forrest remained in a region where the supporting data did not. as yet, necessitate a
upper-level environment was unfavorable for warning.

10
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• Figure 3-18-1. Typhoon Forrest organzng over the~Marshall Islands (122311Z October DMSP visual
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Aircraft reconnaissance on the 15th found a typhoon intensity with maximum sustained surface
single circulation center: the MSLP had dropped to winds of 65 kt (33 m/sec). In retrospect, the
1002 mr and maximum winds were 25 kt (13 /see). The initial warning was too conservative and the
(Dvorak) satellite intensity estimate at 151600Z of forecasters had waited too long for the aircraft
45 kt (23 /see) prompted the first warning. 7nr. reconnaissance to confirm the strong development
warning at 151800Z for Tropical Depression 18W, indicated by the satellite data.
however, only mentioned maxin sustained winds of 30 While moving northwestward at 16 to 18 kt (30 to
kt (15 m/see). The lower intensity on the warning 33 kn/hr) over the next 24-hours, Forrest rapidly
was caused by the Typhoon Duty Officer placing more deepened. Nighttime aircraft reconnaissance on the
weight on the earlier aircraft reconnaissance 16th indicated Forrest had continued to deepen
information than the Dvorak analysis of infrared rapidly as the 700 mb heights fell 70 meters in less
satellite imagery. Subsequent aircraft than three hours. Dvorak intensity estimate on
reconnaissance at 152126Z, however, proved otherwise. satellite imagery at 161600Z indicated Forrest
They reported maximum winds to be 55 kt (28 m/sec) contained winds of 102 kt (53 /see). By 162105Z the
with a MSLP of 988 m± and a closed, but thin, 700 mb heights had dropped by 219 meters from 2840
eyewall. At 160009Z, the aircraft observed 80 kt (41 meters to 2621 meters. The 14SLP was 946 ob.
m/sec). Figure 3-18-2 shows the stronger winds in Satellite imagery and aircraft intensities were in
the north semicircle of Forrest indicative of the agreement, that Forrest had deepened rapidly over a
tighter pressure gradient between the low pressure very short time period. Forrest peaked at its
center and the subtropical ridge. The 16000OZ maximum intensity of 100 kt (51 /see) at 170000Z

* warning upgraded Forrest from tropical depression to (Figure 3-18-3). Two hours before this peak
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Figure 3-18-2. Plot of aircr*t reconnaissance date from
152126Z to 160009Z October showing higher wind
speeds to the north and east of the cyclone center.
"MFW" represents the maximum observed flight-level
winds and "MSW" represents the maximum observed
surface winds.
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Figure 3-18-3. Typhoon Forrest at maximum intensity
b of 100 kt (51 mlsec) with a small eye. With the sun low

'5'..in the east, the cloud top topography is striking
(162029Z October DMSP visual imagery).

5,r

rip

5%7

'oi

.5N

*Nis

- S-A

SA,-A

-SGUAM

-in

107

04



Figure 3-18-4. The thix cirrus clouds in the west
-' semicircle indicate the beginning of the end for Forrest as

it was becoming influenced by the stronger mid- to
upper-level westerly flow. A short time later, Forrest
began to move rapidly northeastward (180536Z October
NOAA i&frared 6magery).
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intensity, the island of Agrihan (located in the in this regard. The Cne-fy Interactive Tropical
northern Marianas 270 rma (500 I) north of Gum) bore Cyclone Model (OTCH) provided the best guidance for
the brunt of Typhoon Forrest as it passed 10 nm (19 speed and the Nested Tropical Cyclone Model (rCK)
ft) to the south. Fortunately, the island's 25 had the best handle on direction.
residents received no injuries even thoug only one Over the next 30-hours,. Forrest began to very
building was left standing and two-way communications gradually weaken as it moved slowly around the
were destroyed. On the 21st of October, the Navy and western end of the subtropical ridge and started
Coast Guard joined forces and airlifted 1000 pounds moving northeastmrd. Figure 3-18-11 shows Forrest's
of canned food, medical suplies and a two-way radio outflow restricted to the west due to the increasing
to the islanders. westerlies aloft. By 191200Z. the system was

At maximum intensity and just prior to beginning to acoelerate nirtheaftward at 23 kt (43
recurvatUte. Forrest started elongating southwest to Ii/hr). Forrest copleted transition to an

. northeast and slowed to 5 kt (9 Ia/hr). J'1 had extratropical cyclone and the final rning.
been expecting Forrest to recurve due to the break in indicating 55 kt (28 m/aec) intensity. was issued at
the ridge since the first warnings on the system. 206oZ.
The dynamic forecast aids were also in good agremnt
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IROPICAL STORIM GEORGIA (19W)

Typhoons Ellen (17W) and Forrest (18W) were 170655Z. A Tropical Cyclone Formation Alert was
already in progress, when Tropical Storm Georgia Issued at 1708212 based on these data.
formed in the monsoon trough east of the Philippine The (Dvorak) analysis of satellite imagery at

D Islands. The convective activity in the trough began 180052Z estimated a maxinum wind of 30 kt (15 m/sec)
to increase on the 14th of October. however it did (Figure 3-19-1). Aircraft reconnaissance in the area
not consolidate until the 18th. at 180543Z estimated surface winos of 45 kt (23

First mention of Georgia as a tropical m/sec) with a minimun sea-level pressure of 991 lot.

disturbance was on the Significant Tropical Weather Based on the information provided by the aircraft
Advisory (ABPW PGIW) of 140600Z. For the next four reconnaissance crew, the first warning followed for
days, the large area of convection remained Tropical Storm Georgia, valid at 180600Z.

. disorganized. By 17 October, satellite imagery (at At 181800Z, Georgia struck the central
0300Z) indicated increased convective curvature and Philippine Islands with maximum winds of 55 kt (28
the (Dvorak) intensity estimate increased to 25 kt m/sec). The tropical cyclone weakened to 35 Kt (18
(13 m/sec). Aircraft reconnaissance later in the day m/sec) during the 16-hours it took to traverse the
clo sed off a weak, broad circulation center in the ruged central Philippine Islands. During this time,

"-* Philippine Sea 345 nm (639 kmn) northwest of Belau at Georgia was forecast to remain south of the ridge and

"4

MANIA-FO RES-'4.

4go

.44

Figure 3-19-1 Georgia with (Dvorak) estimated winds
of 30 kt (15 misec). Georgia was part of a multiple

.P, .'l" tropical cyclone outbreak that occurred in mid-October.
'4 "Typhoon Forrest (18W) is located to the northeast of

Tropical Storm Georgia on this satellite image Typhoon
Ellen (17W) was in the northern South China Sea and
not visible on this pass (1000.52Z October DMSP visual
imagery).
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then move northmstard towam the island ot H~ainan. Upon entering the South China Sea. Georgia began
The forecast a in close agreement with the forecast to slowly reintensiry. 'The final aircraft fix
aids for 1800001 thruJ.Ji 181800Z which paralleled the issi1on flew, Into Georgia on the 21st. On that
low- to Odd-leVe1 steWing flow to the northwest. flighit. the reconnaissance aircraft reported severe
However. mid-level pressure surface heigts, ros turbulence In the convection surrounding Georgia's
aocross the northern South China Sea in the wanke of center (Figure 3-19-2). For the 12-hours prior to
Typhoon Ellen (17W). whuich had moved westwrd along making landfall. Georgia's winds reached 50 kt (26
the southern coast of' mainland China. The 200DOOZ m/sec). The final warning was issued for Tropical
warning reflected a change In forecast philosophy and Storm Georgia at 211800Z as the systm Made landfall
the track becme more westerly with landfall In and interacted with the rugged Azuimitique mountains

*central Vietnam. of central Vietnam.

HOG ON

-Pi

Figure 3-19-2. Tropical Storm Georgia after
reintens~fing in the South China Sea. The system made
landall 18-hours later and dissipated over the rugged
mountains of Vietnam (210018Z October NVOAA visual
imagery).
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7ICAL STOW~ IDA (21W)

Tropical Storm Ida was the second of' row- subtropical ridge and westerly winds near the equator
* tropical cyclones to develop during the month of' enhanced develop~mnt of the low-level circulation
*Novmer. This tropical cyclone presented unique over the next 24-hours. Satellite Imagery at 100129Z

fotrecast problems for JTW as It Interacted with revealed a partially exposed low-level circulation
3trwig nor-heasterly low-level flow near the coast or center (Figure 3-21-1). promting the issuance of a
China. Tropical Cyclone Formation Alert, valid at 10060OZ.

Ida was first detected as a tropical disturbance Intense convection developed In the northeast
in the near-equatorial trouo on 6 Novemb~er. quzadrant during the evening hours of the 10th. The

* Satellite and synoptic data indicated an upper-level first warning on Ida.* valid at 101800Z * was based on
*anticyclone was present, but only a weak circulation a satellite analysis of 35 kt (18 a/sec) winds using
*existed near the surface. It was mentioned on the the Dvorak technique. Synoptic data indicated that

06060OZ Significant Tropical Weather Advisory (ABJ'd Tropical Storm Ida lost its upper-level anticyclone,
PGN). By 9 Novmer. the upper-level circulation the main synoptic feature of Its develcg Pt,* shortly
was located near an area ot broad-scale westerly flow after the first warning was issued. Aircraft
approximately 500 nm (926 km~) south ot Guam. reconnaissance flown on the moning or the 11th found
Tropical Storm Herbert (20W) and Typhoon Joe (22W) a nininum sea-level pressure (MS.P) of 1004 mbt, or

*also developed in this same genesis area during the the equivalent or 21 kt (11 ./sec) on the
first halt of the month. The excess cyclonic Atkinson-Holliday wind/pressure relationship.
vorticity created by easterly winds south or the In retrospect,* the first warnLing my have been
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and western qadarants describe the upper-level
anticyclone outflow that exists over the tropical
disturbance (100129Z November DP$SP visual
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issued prematurely without enough data from synoptic track for approximately 24-hours. JTw forecasts
and aircraft reconnaissance data to support an followed this prognostic reasoning. Post-storm
upgrade to tropical storm intensity. The initial analysis indicated that Ida attempted to recurve
warning was based on satellite analysis of a rapidly around the subtropical ridge as the upper-level
developing cloud system. which later proved to be circulation sheared off to the northeast. However,
inaccurate, the low-level circulation drifted eastward in

Tropical Storm Ida gradually intensified as it apparent opposition to the surface wind flow. The
approached the Philippine Islands. Aircraft cold air feeding into Ida caused it to undergo r-apid
recorlnaissdnce at 120223Z found a MSLP of 990 mb. or extratropical transition. Also, the cold air behind
drop of 14 mb in 24-hours. Ida accelerated as it the mid-level trough just north of Tropical Storm Ida

traversed tne Philippines and weakened slightly due merged with the warm air advected northward by the
-t. orograpnic effects. It followed nearly the tropical cyclone, leading to the strengthening of the

ilentical trac, through the islands as Tropical Storm frontal boundary off the China coast. Ida became -
heroert (20W) just six days earlier. Ida reained embedded in this frontal boundary. The final waryiing
'ropical storm intensity shortly after entering the was issued at 160217Z. No loss of life or
_ outn China Sea and reached its peal< intensity of 55 significant property damage was attributed to Ida.
Kt (28 misec) early on the 15th (see Figure 3-21-2). The low-level eddy, which was the remnant of

At tnis point Ida was influenced by the Ida, separated from the frontal boundary on 17
, rest minsoon winds off of mainland Cnina. The November and drifted southwestward in the South China

jr~e-.ay Interactive Tropical Cyclone Model (OTCM) Sea with the gradient-level flow. It persisted as a
-.tel tne cyclone would continue its northward vortex on visual satellite imagery until 19 November.
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TYPWX JOE (22W)

Typhoon Joe was the third of four tropical The Initial aircraft vortex fix mission at 0213Z
cyclones to reach warning status in the month of on the 18th located a 30 kt (15 m/sec) low-level
N4ovember. As a tropical disturbance, Joe became circulation. The extrapolated adnimian sea-level
evident on satellite imagery on the 12th. JTWC pressure (MSLP) was 1005 otb. which normally s~pports

wtioned it for the first time on the Significant less than 30 kt (15 m/sec) winds (Atkinson and
Tropical Weather Advisory (ABPW PON) when it Holliday. 1978). By 18180OZ. however, satellite
appeared as an area of enhanced convective activity imagery indicated increased development and the first
425 rm (787 ft) south of (1-m at 120600Z. The amount warning was issued on Tropical Depression 22W. A
of convection and organization (Figure 3-22-1) circular eye 15 rm (28 kmi) In diameter was first
Increased very slowly as It moved west-ncrthwestward. observed by air-craft reconnaissance at 190046Z. Somse
Synoptic data during this period indicated a weak eogto ot-ctes/ot-otws a
low-level cyclonic circulation. Upper-level data apparent on satellite imagery by 19180OZ as Joe began
indicated divergent flow aloft. The central to interact with a mid-latitude trouh passing to the
convection began to consolidate and a Tropical north. Three hours later, aircraft reconnaissance
Cyclone Formation Alert (TlFA) was Issued at 172251Z. reported that Joe's eye had become elliptical and the

*-Satellite Intensity analysis shortly after the TICFA MSLP had decreased to 976 rrg. Typhoon intensity was
* .issuance indicated surface winds of 35 kt (18 m/sec). reached between 19180OZ and 20000OZ as Joe began to
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move northward around the periphery of the The second throug~ fifth warnings ( fromn 19000OZ to
subtropical ridge to its east (Figure 3-22-2). 191800Z) forecast a more westward track for Joe.

The first warning (181800Z) forecast Joe to move These forecasts relied heavily on the dynamic
northwestwara, ju~st over the northeast corner of the guidance of the On~e-way Interactive Tropical Cycloneisland of Luzon- in the Republic of the Philippines. Model CUICH) which indicated west-northwestward

71p

S.W

%.

Figure 3-22-2. Typhoon Joe brushes by eastern Luzon
(200 128Z November DMSP visual imagery).
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movement of Joe across central Luzon. However, the aloft. Joe continued to intensify and reached a peak

1OCM persisted in forecasting westward movement as of 100 kt (51 m/sec) maximum sustained surface winds

late as 231200Z, three days after Joe had assumed a at 210600Z.
northerly track. This could possibly have been due As Joe continued to move northward around the
to the model's inability to adequately handle the western end of the subtropical ridge, the vertical
interactions between the typhoon and the strong shear on the system increased. The result was Joe's

northeasterly low-level flow from Asia. JIWC broke upper-level outflow became displaced to the northeast

with the faulty OTCM guidance after the fifth warning of the low-level leaving the exposed low-level

and correctly forecast recurvature. circulation behind. The final warning was issued at
A ragged eye first became visible on satellite 241200Z. since Joe no longer retained any persistent

imagery at 0128Z on 20 November. Typhoon Joe central convection. Only the residual low-level

continued to intensify, even as the strength of the circulation persisted and was still evident on
mid- to upper-level southwesterly flow increased imagery through 242318Z (Figure 3-22-3).
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UPER TYPHOON KIM (23W)

Super Typhoon Kim was a "midget" tropical At 290126Z, the first aircraft reconnaissance
cyclone that produced sustained winds of 135 kt (69 mission closed off the surface circulation center 145
m/sec) with gsts to 165 kt (85 m/sec) and attained a ni (269 kin) north-northeast of PohnPei. The Aerial
minimum sea-level pressure (MSLP) of 905 rob. It was Reeonnaissance Weather Officer reported that an

* the fourth significant tropical cyclone that began in elliptical eye was beginning to form. which was open
November, and was the first of four significant to the northwest. hIs first penetration found
tropical cyclones in the month of December. Kim was maximuim 700 mh winds of 65 kt (33 /sec) and a 700 oh
the third super typhoon of the year and the first height of 2921 meters. which corresponds to an MSLP
December super typhoon in twenty-two years since of about 980 ob. The second penetration. 90 minutes
Super Typhoon opal (December 1964). Fifty-two later, reported maximum surface winds of 80 to 85 kt
warnings were issued on Kim - more than any other (41 to 44 /sec). The 290600Z warning upgraded Kim
tropical cyclone in 1986 except for Typhoons Vera to typhoon status.
(11W) and Wayne (12W). Thirty aircraft From 261800Z throu 291200Z (warning number 6).
reconnaissance missions were flown on Kim, the most Kim tracked toward the west-northwest following a
for any tropical cyclone in 1986. Included in these basic under-the-ridge scenario. At 291800Z, the
missions were five synoptic tracks and 45 center eastward moveent of a mid-latitude trotjh weakened
fixes. The information provided by the aerial the subtropical ridge. This caused Kim to move
reconnaissance platform was quite essential as Kim northwestward. The weakness in the ridge was
presented XIWC with track forecast problems at three misinterpreted by J1 as a "break" in the ridge. At
different times. 010000Z, JW altered Kim's forecast track from an

Kim began, innocently enough, as a broad poorly under-the-ridge scenario to a throui-the-ridge
organized area of convection near the dateline on the scenario based on this break. Kim's track changed
26th of November. When convection persisted for from anticyclonic to cyclonic, as Kim continued to
24-hours, JTWC first mentioned it on the Significant track toward the northwest. As Kim reached the
Tropical Weather Advisory (ABPW PGTW) at 270600Z. inflection point, it began to intensify at a rate
Maximum sustained winds were estimated at 10 to 20 kt slightly greater than expected from the normal Dvorak
(5 to 10 /sec) and the MSLP was estimated at 1006 curve of one "T-number" per day. Kim's intensity
mh. Over the next 15-hours, outflow and convection increased from 85 kt (44 m/sec) at 0100OZ to 135 kt
increased significantly. Upper-level outflow was (69 /sec) by 022100Z.
unrestricted in all quadrants and an upper-level The first, of three, major track forecasting
anticyclone became well-established over the surface problem arose when aircraft reconnlaissance at
circulation center. The MSLP was estimated at 1005 021105Z verified prior satellite imagery indications
ob. For these reasons JTWC issued a Tropical Cyclone that Kim was moving westward. The mid-level ridge to
Formation Alert (TCFA) at 272130Z. when the system the north strengthened as the low- to mid-level
was located about 360 rm (667 km) east of Pohnpei. trough moved off to the east. Because of the
Just nine hours later, at 280600Z, JTWC issued the significant forecast track change on Kim, an
first warning n Tropical Depression 23W based on a abbreviated warning message was sent out at 022100Z,
(Dvorak) intensity estimate of 35 kt (18 /sec). At since Kim immediately became a threat to Saipan.
281200Z, JTWC upgraded Tropical Depression 23W to At about 030100Z, Super Typhoon Kim, with its
Tropical Storm Kim based on continued peak winds of 135 kt (69 /sec), passed about 18 n
intensificatifi. (33 W) to the north of Saipan. Kim inflicted

4

Figure 3-23-1. One of the many downed telephone
poles leans against a shoe store in Garapan, the major
city of Saipan, in the aftermath of Kim (Photo provided
courtesy of Guam Publications, Inc.).
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sub tantial damage to Saipan, leaving the entire occurred. Once again, this was not a "break" in the
island without electricity and water. An estimated ridge, but merely a weakness that would cause the
one-third of all power poles were down (see Figure tropical cyclone to take a "step" toward the
3-23-1), hundreds of people were left homeless, 14 northwest and then return to a the westward track; as
people were injured. mainly due to flying glass, and the mid-latitude trough moved north and then east of
one (heart attack) fatality was reported. Damages the system.
(Figure 3-23-2) were estimated at about 15 million At 071200Z, Kim abruptly changed track and began
dollars by the Governor of Saipan. A team of U.S. moving toward the south along the leading edge of a
Navy Construction Battalion personnel (Seabees), modifying polar air mass moving off the Asian
engineers from the U.S. Navy Public Works Center landmass. At the same time, the entrainment of cold
(Guam) and electrical generators were sent to Saipan air and increased vertical shear started to weaken
to get the island's essential power system back the tropical cyclone. Aircraft reconnalssance at
on-line. 081542Z, 082130Z and 090000Z documented this trend

Kim continued tracking westward until 04000O Z and Kim was subsequently downgraded to tropical storm
(Figure 3-23-3). Afterward, it began moving intensity at 090000Z. By 090600Z, Kim's intensity
northwestward. This presented the second major was down to 55 kt (28 m/sec), and forty-two hours
forecasting problem with Kim. JTWC had followed the later, at IIO000OZ, to 30 kt (15 m/sec). After three
One-Way Interactive Tropical Cyclone Model (OTCM) days of erratic movement, Kim was further downgr'aded
guidance and repeatedly forecast recurvature. A to a tropical depression. The final warning was
synoptic track flown between 040500Z and 04120OZ issued at II00OOZ as the system dissipated over
indicated a "break" in the subtropical ridge water. The remains of Kim tracked west-northwestward
approximately 135 rin (250 kin) southwest of Iwo Jima. and dissipated over the Philippine Sea 300 nm (556
The forecast looked gcod. but for the second time an km) east of the island of Luzon.
unforecasted major directional change n the track

'I%

P .F"

".'."Figure 3.23-2. Many structures were extensively
".'.damaged by wind and water (Photo courtesy of Guam

- Publications , Inc.).
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SAPA

Figure3 23 3 A dav after damaging Sai pan. Su~per
I-vphi'rn Kim was still ,fl a wsestward track (0400044L
IOecembe.r [)MSP i'isial imagery)
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TROPICAL SU LEX (24W)

Tropical Storm Lex was the fir'st or three warnirg.
siglificant tropical cyclones to develop in the month Lex was first fixed by aircraft reconnaissance
of December. Initially. Lex Ceveloped rapidly in the at 040537Z. The Aerial leco alssanoe Weather
wake of Super Typhoon Kim (23W) and pr~esented a Officer reported surface winds or near 45 kt (23
threat to Guam. significant further developmnt was /sec). and fixed the surface center further to the
iihibited by Kim (23W) and a mid-latitude trough, east of the previous (04000Z) warning position,
although a brief flare-up or convection occurred just which was based on satellite data, and 85 ra (157 Km)
before Lex passed throug the southern Marianas. east of the 40bO0z forecast position. This led JW

LAex first appeared as a small mass of convection to relocate Lex's position on the 040b00Z warning.
about 3UO0 rm (556 ID) to the east-southeast of the Althoug forecast to reach typhoon intensity
Kwajalein Atoll in the Marhall Islands at 30120OZ within 48-hours, It had already attained Its peak
November. The convection rapidly increased. inteasity by' 040600Z. The combination of an eastward
Lper-level organization and low-level infow also moving trough and the proximity of Kim (23W) to the
increased over the next 18-hours. For these reasons, northwest, greatly Inhibited Lex's upper-level
Lax was Initially placed on the Significant Tropical outflow.
Weather Advisory kAbrW PGCNW) at 01000Z December. Aircraft reconnaissance inlicated a tilt toward

The tropical disturtance continued to snow the west between the surfaoe center and the
potential for development and at 022345Z, it became upper-level center and a possible secondary center
the subject of a Tropical Cyclone Formation Alert about 30 rM (56 Km) to the northwest of Lex. As
* ICFA). The convection became more centralized, evidenced in visual satellite Imagery at O42344Z
prompting 1M~ to issue the first warning on Tropical (Figure 3-24-1) * Guam was between Super Typhoon Kim
Depression 24W at 0316O0Z. Upper-level organization (23W) (to the northwest) and Tropical Storm Lex. Lex
continued to improve, as satellite iiagei-y Indicated continued to decrease in convection and organization.
goo banding features to the north and south. A nighttime aircraft recorriaissance fix mission
Increased satellite (Dvorak) intensity estimates scheduled for 051200Z found 700 mb westerlies
resulted in an upgrade from Tropical Depression 24W throuliout the area and no sign of a closed
to Tropical Storm Laex at 040000Z on the second circulation. For these reasons, Tropical Storm Lex
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.-'.:Typhoon Kim (23W) and Tropical Storm Lex The

.'" ."island of Guam is in the region between the two tropical
=.. . cyclones (042344Z December DMSP va~ual imagerv)
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was lo.gr*L*d tk ThoUic [d Depre5sior 2'6w. and tne The re~u,, were thdt Lex's low-level circulation

find. wwarng unibr 8 was issu- at Oti2)OZ. 'uui: !,Ot b e .lo% off aril wam-ngs were not
7L" -ontinueo t murator une rw kits of L.x. re,*n1I. The weaa listorbare tuved rupidlCy by at 28

Becaus of the suddei, fl re-up) of -witrdl eold cover Kt %. Kir/n-) and pas3sad dlirectiy over the islad )f

4)vorA. 196) cloud viewed an tMe satellite infrared Rota ,A'dtea 4u0 rin 74 KM; north-nortneast or uar.

imgery Figure 3-24-2,. Lex again was the SLibject of M- tu upper-levei shear over the s5yStei Was StMro

a RYA , ,O)OZ, about !Y) nu W14d K) east-southeast ard tn e .4per-levei outflow refIined restricted oy

or Guam. Due to tMe proximity t GudM, the prospect Super. Typhia' Kim 3W). .lJ7W cancel ld tMe TCFA at

of sudden eeperang and tne uncertainty ooncer.ing 071bOWZ. The remins of Lex then movej rortnwestward

it was realy out tere, JTId i 3iverted a WC-30 at 1 1 O&KUZ, then curve northeastward aria

aircraft frc d fix missior., that was in prJos oc transitlord to a extratropical system.
- Kim .231,, to fly an investigative profile on Lex.

Figure.3-24-2 Enhanced uyrared image for tiw Dvorak
intensity estznwnom techique of the disturbant e (eUA

* and Kimn (23W) at typhoon intensiv A: first glance, the
* cloud signatures look similar Howver. the distinction

betwen the transitory flare up of the (entral cold cover
(Dvorak. I WW) over Les and the persis tent central dense
ove rcast and eye of Kim (23W) isl crucial for proper
intensity analysis (Of) I 7SRI Decemb~er NOAA infrared
imagery)
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TYPHLI-N MAHG. (,")W

.i .marge wo d -eT~~ trp JSat UIIt e lL'Vora) iritensity eStU ites of !u t, L, K
~y.- ntriite ir. trk, rear-equaturla. tru(i Jo to ll mr/6ec) windS and Jecreasing sea-levtei

- -lus . 36 5 t tnt marsfdIiz.r. pr-essure. The first war'riing fol lowed or trie 1.tri adK1eepPphoor. Marge preserteOd a Oupie of wds uased on Satellite imagery wfah iicae
..- l'asirg prou IleftLs wrl ~ rn~ .Le someT iri:rease lf. cOrivectiotr arie upper-level orgarizatior,.

.>mx~. :e' -17.teFolIpit , From the >,tn tnrougtr tne loth, Marge's mtfan tratc,
rnodfor nC ir-st time or tnt- Si fioant was west -riorthwebtwan-l as tne forecasts toil oweC trie

.4.~. e~terAdvisory ,ABFPw PuJ1 or. 1, N)eniber, u~rti-'deScenario.
.0 ,: I rT i7 Wb Sr. 150L Wit 1 4w)uo ba Sed on tn e Dvoric an ial1y sis of sate.iI lte

.:r n , n ir.tervenirw tim-, Marge Irifteo iliagery at 11)0300Z, Indicating a raximurn wirsi cf
* ., W,_: tnt- nr ,,n w-S t is .a --rg, urc a or C (ib mlsc,,Pr-pical Depression "A~ was ugae

-:F7 .:'<xr.vtc t ior.. :he rirat Tr-opical c:yclor*_ to tropical Storm Intensity (see Figure 3 -, h
rAiert -aliC at 13033UZ was based on.
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MARGE

,Of

maximw,, intensity (192236Z December NOAA visual
amageiy).

a'first aircraft reconnaissance mission on the 15th The next forecast problm arose at 200D00Z as
found a rininnm sea-level pressure (MSLP) of only Marge began slipping toward the west-Southwest.
1 000 gb. 30 kt (15 rn/see) winds and did not close off JTW's initial response was to consider the southward

*a circulation. The next aircraft mission early on movement as a short-tem event and the forecasts
the 16th located a vortex with a MSLP of 996 mb and reflected this philosophy. This proved to be in
maim= surface winds of 60 kt (31 Wnsee). The error as Marge was forced further Southwestward by a
16120OZ warning upgraded the system to a tyj*hocn. strong surge of polar air frcm the Asian landmnass.

*The first forecast problem with Marge arose at Mrge's unforecast movement in the Philippine Sea
170000Z * when satellite fixes and aircraft caused considerable concern f or shipping. For
reconnaissance observations began indicating that examp~le. the USS Proteus (AS 19) passed within 60 mn
MaPrge was no longer moving as forecast toward the (ill kin) or the center of' Tyhoon Marge, circled
west-northwest.* but in a msore westerly direction. around Its southwest quadrant and experienced winds
The computer prcognostic guidance persisted with the of 50 kt (26 rn/see) at 210A430Z. There was minimal
now incorrect west-northwest movement. Fromn 17000OZ damage to the ship and no personnel were injured. At
to 181800Z Marge moved due westward along the edge of that time Marge's raxinnm winds near the center were
the modifying polar air and passed 160 rn (296 km) 50 kt (41 rn/see) and had decreased from a mnaximn of
south of Guiam. No evacuations or significant damage 95 kt (49 in/sec) earlier at 20060OZ (see Figure
to the Island occurred. 3-25-2).
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After entering the Philippine Islands, the monsoon trough present in the western North Pacific
system weakened and changed course towards the at this time forced a change in plans. Following

* northwest. It then tracked into the South China Sea coordination with JTWC, Voyager was rerouted north of
and dissipated over water, the Mariana Islands. While it winged its way west,

During Marge's lifetime, aviation history was Marge continued to intensify. Althoug, at one point
being made. The Voyager, a light-weight, graphite it appeared the Voyager might have to terminate its
fiber-bodied aircraft, piloted by Burt Rutan and mission. the low-level inflow winds into Marge's
Jeana Yeager. departed Edwards Air Force Base, center actually aided in the fliight. Despite some
California, on 15 December at 1402Z (14 December at moderate turbulence, as a consequence of flying
11:02 A.M. EST) in a record-setting attempt to circle between two of Marge's spiral bands to pick up
the globe on a single tank or fuel. Initially, the increased tail winds of 35 kt (65 km/hr). Voyager was
flight plan routed Voyager south of the equator, able to reduce fuel consumption and speed onward to
passing just north of Australia on the Pacific complete a successful mission.
portion of the journey. Howver, a very active
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TYPHOONt NORHRIS (26W)

The final typhoon of 1986.* Typhioon Norris, began Weather Advisory (ABPW PGIN) on 19 Decembier at 0600Z.
* as Typhoon Marge (25W) was rmving through~ the the disturbance drifted northwestward while its

Caroline Islands and south of Guam. Norris was first organization andi convection remined minimal. Oni 20
detected as a weak low-level circulation in the Decemb~er. the organization began to improve and at
near-equatorial trour south of the Marshall Islands 210300Z, a Tropical Cyclone Formation Alert was
on 17 December. Initially, an anticyclone aloft at issued.

* .low latitudes near the dateline aided the development The first warning was issued on 21 Decemer at
-of Norris by providing a favorable low-shear 1200Z on Tropical Depression 26W when Dvorak analysis
-. envirornent. of satellite reconnaissance indicated 30 kt (15

First carried on the Significant Tropical m/sec) winds were present (see Figure 3-26-1).

OAUR

Figure 3-26-I: This enhanced infrared (EIR) image oj
the tropical disturbance, which ultimately became
Typhoon Norris, shows it embedded in the
near- equatorial trough (210756Z December DMfSP
infrared imagery).
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Satellite imagery on 22 December revealed an exposed Fran the time Norris began forming in the
low-level circulation center with the convection near-equatorial trough, the system moved steadily
displaced approximately 60 rnm (111 kin) to the west toward the northwest following the forccast
(Figure 3-26-2). Aircraft reconnaissance on the under-the-ridge scenario. The movement toward the
morning of 23 December located the low-level vortex. northwest was also influenced by the passage of a
The Aerial Reconnaissance Weather Officer (ARWO) mid-latitude trough. On 23 Decemer, the
reported winds of 35 Kt (18 m/sec) and a minimum mid-latitude trough had moved to the east of the
sea-level pressure (MSLP) of 999 rb, which resulted system and the subtropical ridge began to rebuild.
in the upgrade to Tropical Storm Norris (26W) on the Norris responded and moved westward. In addition,
230000Z warning, the low-level circulation center had just started to

move under the convection (see Figure 3-26-3).

' I

Fgr 3 e h ie

%t

convection towards the west of the low-level circulation
center (220400Z December NOAA visual imagery).
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As the ridge continued to build, Norris began expected adjustment of the subtropical ridge, and anmoving away from the forecast track and towards the anticipated track change, officials In the southernwest-southwest on Christmas Day (Figure 3-26-4). The Marianas braced for the w ort. However aircraftforecast guidance from the dynamic One-Way reconnaissance at approximately 261200Z found theInteractive Tropical Cyclone Model (OMX ) and movement more westward than west-northwestwarld. Over
persistence was for westward movement. Within the next 12-hours residents of the southern Marianas
12-hours the southwestward drift stopped and Norris Islands continued to wait and hope that Norris wouldonce again began moving toward the west-ncrthwest. miss them. Norris slipped by to the south, passingAircraft reconnaissance on 25 Deemer found the within 100 nm (185 kin) of Guam. Guam experienced 50first indications of a developing elliptical-shaped kt (26 m/sec) winds and localized flooding, buteye. damage was minimal.As Norris moved towards the west-ncxthwest, the After by-passing Guam and once again movingsystem continued to intensify. Winds of typhoon west-northwestward, Norris continued to develop (seeintensity were forecast. Due to a mid-latitude Figure 3-26-5). Based on Dvorak intensity analysisfrontal system moving off the Asian mainland, of 65 kt (34 m/sec), Tropical Storm Norris was

GUA

Figure 3-26-4: Norris matures and moves toward the
west-southwe .on Christmas Day (250509Z December
NOAA visual imagery).
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Figure 3-26-6. Typhoon Norris at maximum intensity.
The forecast track, until this time, indicated that Norris
would recurve and become extratropical (290000Z
December DMSP visual imagery).

upgraded to Typhocon Norris at 270600z. Aircraft winds and a MSLP of 953 nb. Norris. which was caught
*reconnaissance at 271101Z reported an eye and a MSLP along the edge of the modifying polar air and
*of 984mb. northwesterly flow in the Philippine Sea, abruptly

Norris continued moving northwestward toward the changed course and moved southward for 36-hours.

eweakness in the ridge induced by the passage of a COnce again the southwesterly course was not forecast
mid-latitude trouh moving off the Asian mainland, or addressed beforehand by the (YIC2 guidance.
Previous forecasts had indicated continued movement At 301200Z. Norris' track Changed to due west as
toward the west-northwest; however, as the it headed towards the central Philippine Islands (see
mid-latitude trough moved further south and east, Figure 3-26-7). After being downgraded to tropical
Norris' forecast track, starting with the 280600Z storm intensity at 301800Z. Norris moved Into the
warning, was altered to indicate recurvature and South China Sea and continued to weaken. BY 01030OZ
extratropical transition. January, Norris was further downgraded to a tropical

By 290000Z. the trough moved east and Norris depression. By that time, strong upper-level
reached maxinuxn intensity (see Figure 3-26-6). The southeasterly flow had exposed the low-level
ARWO. on the reconnaissance fix mission earlier, at circulation center. Norris dissipated over water in

*282103Z, observed 89 kt (46 m/sec) maxiimxn surface the South China Sea on January 2nd.

,%%
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3. NORTH INDIAN OCEAN TROPICAL CYCLONES

Tropical cyclone activity in the North Indian
Ocean as slightly below rkormal. Three significant
tropical cyclones, all of tropical storm intensity.
developed as compared to the climatological mean of
four. These systems occurred in the spring and fall
transition seasons., which normally encompasses the
peak of the activity. Tables 3-5 and 3-b provide a

sumlary of information for 1980 and comparison with

earlier years.

TABLE 3-5.

NORTH INDIAN OCEAN

19 o SIGNIFICANT TROPICAL CYCLONE;

CALENDAR NUMBER OF MAXIMUM

DAYS OF WARNINGS SURFACE E.C'TIMATED

TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WINDS-KT (M/S) M.C:LP - Mh

TC OIB 07 JAN - 11 JAN 5 17 4,4 (2j) 9, I

TC 02B 09 NOV 1 2 50 (2b) '1,1

TC O0A 09 NOV - 11 NOV 9 45 (z3) 990

190b TOTALS: 8 * 28
EA

' OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

TABLE 3-6. FREQUENCY OF NORTH INDIAN OCEAN TROPICAL CYCLONES

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1971' - - - - - 0 0 0 0 1 1 0 2

1972- 0 0 0 1 0 0 0 0 2 0 1 0 4

19731 0 0 0 0 0 0 0 0 0 1 2 1 4

1974- 0 0 0 0 0 0 0 0 0 0 1 0 1

1975 1 0 0 0 2 0 0 0 0 1 2 0 6

1976 0 0 0 1 0 1 0 0 1 1 0 1 5

1977 0 0 0 0 1 1 0 0 0 1 2 0 5
1978 0 0 0 0 1 0 0 0 0 1 2 0 4
1979 0 0 0 0 1 1 0 0 2 1 2 0 7

1980 0 0 0 0 0 0 0 0 0 0 1 1 2

1981 I 0 I 0 0 0 0 0 0 1 1 1 3
1982 0 0 0 I 1 1 0 0 0 2 1 0 5

1983 0 0 0 0 0 0 0 1 0 1 1 0 3

* 1984 0 0 0 0 1 0 0 0 0 1 2 0 4

1985 0 0 0 2 0 0 0 0 2 1 1 6

1986 1 0 0 0 0 0 0 0 0 0 2 0 3

(1975-1986)

AVERAGE 0.2 0.0 0.0 0.1 0.8 0.3 0.0 0.1 0.3 1.0 1.4 0.3 4.4

CASES 2 0 0 1 9 4 0 1 3 12 17 4 53

.'TWC WARNING RESPONSIBILITY BEGAN ON 4 JUN 71 FOR THE BAY OF BENGAL, EAST OF 90 DEGREES

EAST LONGITUDE. AS DIRECTED BY CINCPAC, JTWC ISSUED WARNINGS ONLY FOR THOSE TROPICAL

CYCLONES THAT DEVELOPED OR TRACKED THROUGH THAT PORTION OF THE BAY OF BENGAL. COMMENCING

WITH THE 1975 TROPICAL CYCLONE SEASON, JTWC'S AREA OF RESPONSIBILITY WAS EXTENDED WESTWARD

TO INCLUDE THE WESTERN PORTION OF THE BAY OF BENGAL AND THE ENTIRE ARABIAN SEA.

FORMATION ALERTS: 3 OF 9 FORMATION ALERTS DEVELOPED INTO SIGNIFICANT TROPICAL CYCLONES.

TROPICAL CYCLONE FORMATION ALERTS WERE ISSUED FOR ALL OF THE SIGNIFICANT TROPICAL CYCLONES

THAT DEVELOPED IN 1966.

WARN INGS: NUMBER OF CALENDAR WARNING DAYS: B

NUMBER OF CALENDAR WARNING DAYS I,WITH 
TWO TROPICAL 'YCLONES ; I-

NUMBER OF CALENDAR WARNING DAYS

WITH THREE TROPICAL CYCLONES: 0
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TC2

Figure 3-02B-1 Tropi cal Cyclone 028 was the only tropical cyclone to develop in the Bay of
Bengal during the fall transition season. Two warnings were issued on the system. It began on 3

*November as a disturbance in the Bla -vofBengal approximatel ' 60 nm (I1I/ kin) west of the
.icohar Islands~ Over the next three day' s the disturbance continued go slowly intensify as it
trac ked toward the west The disturbance then curved northward and skirted the Indian coast

* Pont analysis indicated tropical storm intensity had been attained 12-hours prior to the issuance of
the first warning at 0(QOOOOZ Tropical Cyclone 028 continued on its northeastward track and
immediaitl made landffall at the Ganges River Delta in Bangladesh at 090000Z. The maximum

* intenisirx of 50 kt (2t rn/sect was reached just prior to striking the coast. After landfall, Tropical
(Co lone 028 weakened rapidly Damage to the coastal villages in Bangladesh was substantial
Qfficials rep~'rted I I dead and at least fl/tv others missing as a result of heavy flooding and wind

- g~jus f up r,' r5kt (3 msec, The image above shows Tropical Cvclone 028 three hours after
iiadfall 0(40?31/ Noveiher D)NSP visual imagery)
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TROPICAL CYCLONE 03A

ZI

UL

• Figure 3-03A-J. Tropical Cyclone 03A was the only significant tropical cyclone to develop in the
~Arabian Sea in 1986. It was first carried on the Significant Tropical Cyclone Weather Advisory

(ABIO PGTW) on November 1st when the area rapidly improved in organization. On November
2nd, the first Tropical Cyclone Formation Alert (TCFA) was issued. Shear over the disturbance
suppressed development by separating the low-level circulation center and the upper-level
anti cyclone On (I Novenber, the TCFA was cancelled after both the convection and organization
had decreased Satellite imagery indicated the anticyclone was no longer evident and the
upper-level flow was unidirectional over the disturbance. However, on 8 Novembher.
redevelopment occurred Dvorak intensity analysis of satellite imagery, at O08O532Z. indicated

,. winds of 35 kt (18 m~sec) Satellite imagery 12-hours later indicated winds of 45 kt (23 m'secJ
r fT"WC issued its first warning on Tropical Cyclone O3A at 0906(007. Four ho~urs after the fira'
• warning was issued, satellite imagery once again indicated shear over the cyclone with a separation
• of 75 nm (139 kin) hetween the low-level and upper-level circulation centers, JTWC( issued the

final warning at/I 11200Z, after Tropical Cyclone 03A lost all of its convection. Tropical Cyclone
t)3.4 dissipated over water There were no reports of damage. The satellite picture shO~ws Tropical
Cyclone 03A in the A rahuin Sea one hur before the first warning was issud (0905/27 Novemher

DMSP vtsuai imagery)
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CHAPTER IV - SUMMARY OF SOUTH PACIFIC AND
*%'-'"', SOUTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

Last year (1985) was the first year that in USCINCPACINST 3140.1 (series)) for labelling
southern hemisphere tropical cyclones were included tropical cyclones that develop in the South Indian
in the Annual Tropical Cyclone Report. In Ocean (west of 135 degrees East Longitude) is to add
retrospect, the JTWC area of responsibility (AOR) was the suffix "S" to the assigned tropical cyclone
expanded on 1 October 1980 -- to include the southern number, while those originating in the South Pacific
hemisphere from 180 degrees Longitude westward to the Ocean (east of 135 degrees East Longitude) receive a
east coast of Africa. Details on tropical cyclones "P" suffix. The "P" suffix also applies to
in this region for July 1980 to June 1982 are significant tropical cyclones which form east of 180
contained in Diercks et al, (1982). For the July degrees Longitude in the South Pacific Ocean. Also,
1982 through June 1984 period, reference the it should be noted that to encompass the southern
NOCC/J'WC TF)CH NOTE 86-1. As in earlier reports, heisphere tropical cyclone z-zson, which occurs from
data on tropical cyclones forming in, or moving into, January through April, the limits of each tropical
the South Pacific Ocean east of 180 degrees cyclone year are defined as 1 July to 30 June. Thus,
Longitude, which is the Naval Western Oceanography the 1986 southern hemisphere tropical cyclone year is
Center (NAVWESTOCEANCEN) AOR, are included for from 1 July 1985 to 30 June 1986. (This is in
completeness. contrast to the co,,vention of labelling northern

JIWC provides the sequential numbering for all hemisphere tropical cyclones which is based on the
South Pacific and South Indian Ocean significant calendar year - 1 January to 31 December - to include
tropical cyclones. The current convention (as stated the seasonal activity from May through December.)

TABLE 4-1. SOUTH PACIFIC AND SOUTH INDIAN OCEANS
1986 SIGNIFICANT TROPICAL CYCLONES

CALENDAR NUMBER OF MAXIMUM BEST TRACK
DAYS OF WARNINGS SURFACE ESTIMATED DISTANCE

TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WINDS-KT (M/S) MSLP - MB TRAVELED NM (KM)

01S ----------- 23 SEP - 29 SEP 7 14 40 (21) 994 1470 (2722)
02S NICHOLAS 27 NOV - 07 DEC 11 21 75 (39) 967 1436 (2659)
03P ----------- 15 DEC - 16 DEC 2 3 35 (18) 997 1093 (2024)
04S DELIFININA 07 JAN - 16 JAN 10 19 110 (57) 933 1399 (2591)
O5S COSTA 07 JAN - 16 JAN 10 18 70 (36) 972 1684 (3119)
06s ----------- 08 JAN - 10 JAN 3 5 50 (26) 987 553 (1024)
07S OPHELIA 11 JAN - 13 JAN 3 5 35 (18) 997 317 ( 587)
08S ----------- 11 JAN - 14 JAN 4 7 35 (18) 997 900 (1667)
09S HECTOR 19 JAN - 24 JAN 5 10 45 (23) 991 447 (828)
10S PANCHO 21 JAN - 22 JAN 2 3 35 (18) 990 352 (652)
11P VERNON 23 JAN - 25 JAN 2 4 50 (26) 987 901 (1669)
12P WINIFRED 29 JAN - 01 FEB 4 7 90 (46) 953 526 ( 974)
13S ERINESTA 31 JAN - 10 FEB 11 21 115 (59) 927 2282 (4226)
14S FILOMENA 06 FEB - 10 FEB 5 9 55 (28) 984 1020 (1889)
15P IMA 06 FEB - 14 FEB 9 18 75 (39) 967 2161 (4002)
16P JUNE 07 FEB - 09 FEB 2 5 55 (28) 984 825 (1528)
17P KELI 08 FEB - 10 FEB 3 5 45 (23) 991 1551 (2872)
18S RHONDA 19 FEB - 20 FEB 2 4 55 (28) 984 855 (1583)
19S GISTA 19 FEB - 25 FEB 6 12 85 (44) 958 1558 (2885)
20S SELWYN 23 FEB - 25 FEB 3 6 55 (28) 984 707 (1309)
21S TIFFANY 27 FEB - 01 MAR 2 4 35 (18) 997 628 (1163)
22S VICTOR 03 MAR - 09 MAR 7 13 105 (54) 938 1715 (3176)
23P LUSI 03 MAR - 08 MAR 6 12 45 (23) 991 1527 (2828)
24P ALFRED 03 MAR - 04 MAR 2 2 30 (15) 1000 1781 (3298)
24P ALFRED* 06 MAR - 09 MAR 3 7 45 (23) 991

25S HDNORININA 09 MAR - 16 MAR 8 16 110 (57) 933 2741 (5076)

25S HONORININA- 19 MAR - 20 MAR 2 3 35 (18) 997
26S' IARIMA 13 MAR - 15 MAR 3 4 35 (18) 997 317 ( 587)
27S JEFOTRA 26 MAR - 01 APR 7 14 105 (54) 938 2114 (3915)

KRIS(jSTOMA^ 08 APR - 13 APR 5 10 75 (39) 9b7 1363 (2524)

-'P MARTIN 10 APR - 14 APR 5 11 75 (39) 967 1401 (2595)
P ----- 16 APR - 16 APR 1 2 30 (15) 1000 760 (1408)

•l MANL 23 APR - 26 APR 4 7 70 (36) 972 546 (1011)

2 RILLY# 05 MAY - 12 MAY 8 14 95 (49) 948 1534 (2841)
3P NAM:j 17 MAY - 23 MAY 6 13 85 (44) 958 1444 (2674)

1986 TOTALS: 173 328

* REGENERATED
TROPICAL CYCLONE 28S (KRISOSTOMA) WAS ALSO NAMED ALISON.

TROPICAL CYCLONE 32S (BILLY) WAS ALSO NAMED LILA.

NfOTE: NAME
1 

OF CYCLONES GIVEN BY REGIONAL WARNING CENTERS (NANDI, BRISBANE, DARWIN, PERTH
AND MAURITI:'S) AND APPENDED TO JTWC WARNINGS, WHEN AVAILABLE.
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2. SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL CYCLONES

The 1986 year (I July 1985 through 30 June 1986) surveillance from space in some areas, for example.
was unusually active, with 33 tropical cyclones (see the South Indian Ocean.
Table 4-1) reaching warning status. This did not Caveat: Intensity estimates for southern
exceed the total of 35 tropical cyclones for 1985 (1 hemisphere tropical cyclones are derived primarily
July 198.4 - 30 June 1985) which was the busiest year from satellite imagery evaluation (Dvorak, 1984) and
to date for JTC. Three tropical cyclones occurred fro, intensity estimates reported by other regional
in the South Pac fic. east of 165 degrees East centers. Only, in very rare instances are the
Longitude, which is only half the long-term mean. intensity estimates based on surface observational
The Australian area (105 to 165 degrees East data. Estimates of the minimum sea-level pressure
Longitude) accounted for 16 t-;opical cyclones are usually derived from the Atkinson and Holliday
compared to the climatological mean of 10.3 - five (1977) relationship between the maximum sustained
more than normal. Fourteen tropical cyclones one-minute surface wind and the minimum sea-level
developed in the South Indian Ocean, which is nearly pressure (Table 4-4). This relationship has been
six more than the long-tenm mean of 8.4 cyclones (see shown to be representative for tropical cyclones in
Tables 4-2 and 4-3). the western North Pacific and is also used by the

Meteorological satellite surveillance of Australian regional warning centers to provide
* tropical cyclones has been updating climatologies intensity estimates. However, since these pressure

since the early 1960s. (This meteorological watch estimates are usually based on wind intensities that
from space detects tropical cyclones that might have were derived from interpretation of satellite
previously gone undetected over the conventional data imagery. considerable caution should be exercised
sparse oceanic areas.) Thus, tropical cyclone when using these resultant pressure values in future
cl imatologies should benefit from increased tropical cyclone work.

TABLE 4-2. FREQUENCY OF CYCLONES BY MONTH AND YEAR

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

(1959 - 1978)
AVERAGE* ---- --------- 0.4 1.5 3.6 6.1 5.8 4.7 2.1 0.5 --- 24.7

1981 0 0 0 1 3 2 6 5 3 3 1 0 24
1982 1 0 0 1 1 3 9 4 2 3 1 0 25
1983 1 0 0 1 1 3 5 6 3 5 0 0 25
1984 1 0 0 1 2 5 5 10 4 2 0 0 30
1985 0 0 0 0 1 7 9 9 6 3 0 0 35
19B6 0 0 1 0 1 1 9 9 8 4 2 0 33

(1981 - 1986)
AVERAGE 0.5 0.0 0.2 0.7 1.5 3.5 7.2 7.2 4.3 3.3 0.7 0.0 28.7

CASES 3 0 1 4 9 21 43 43 26 20 4 0 172

(GRAY, 1979)

TABLE 4-3. YEARLY VARIATION OF TROPICAL CYCLONES BY OCEAN BASIN

- (1O5E WESTWARD) (105E-165E) (165E EASTWARD)
YEAR SOUTH INDIAN AUSTRALIAN SOUTH PACIFIC TOTAL

(1959 - 1978)
AVERAGE' 8.4 10.3 5.9 24.6

1981 13 8 3 24

1982 12 11 2 25
1983 7 6 12 25
1984 1±4 14 2 30
1985 14 15 6 35
1986 14 16 3 33

(1981 - 1986) 12.3 11.7 4.7 28.7

AVERAGE

CASES 74 70 28 172

(GRAY, 1979)
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TABLE 4-14. MAXIMUM SUSTAINED SURFACE WINDS VERSUS MINIMUM SEA-
LEVEL PRESSURE (ATKINSON AND HOLLIDAY, 1977)

MAXIMUM SUSTAINED EQUIVALENT MINIMUM
SURFACE WIND (KT) SEA-LEVEL PRESSURE (MB)

30.................................................... 1000
35.................................................... 997

4 40.......................... .... o............. 994

145 . ...... ...... .. * .ooo.. o..991

50 ................ o......o~o...................987
55 . ... oo . .... ..... o..o..o.... 984

* 60........... . . . . .. o...... 980
65 ..... .. ..... .... 976

70............... ........ ...... 972

8075 ............ *............ 963

90 ......... ........................ ...... 953
95 ................. o.......................... 9148

10......o....... .................... oo... ...... 93

105..... ..............o..... o.....oooo - oooo 933

115 ..... . . . .. . . . 927

125 oo ooooo o- oee ....... o........ .... o916

130 ............. o.... ...... ....... .o... 910

135............. ..... ...... ........ .. o....8854

155 .... .............. o......oovoovo o -879

160....o....... ........................................ 872
165 ..................................ooooe*4*666ooo 865
170........o...........o........ o..................... ....858
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CHAPTER V - SUMMARY OF FORECAST VERIFICATION

1. ANNUAL FORECAST VERIFICATION

a. western Nortn Pacific Lcean for 24-, 46-, and 72-hour fortecsts uf aII l1O
tropical cyclones in the westerni North Pacific. A

The position given for warning tiles and those sunxrArtion of the rin forec-dst erroirs, as calculate

at tne 2 4-. 46- and 72-nour for-c-st times were for all tropildi cyclones in each year. is shown in
verified against the final best tracK positions at l'ble -2A. Table 5-2b includes cross track and
the 3afl valid times. The (scalar) tor edst, cross along trac, errors for 198t. A ccirrparison of the

tracK arid along tracK errors (illustrated iri Figure annual mean forecast errors for all tropical cyclones
5-1) were then c2.'ulated for each tropical cycl~he as compared to those tropical cyclones that reached

arnd are presented in Tables 5-1A. 5-1B, 5-IC and tyiioon intensity can be, seen in Table 5-3. T1he mean
-ID. Figur~e 5-2 provides the frequency and median forecast errors for 1986 as conpared to

distributions of forecast errors in 30 rm increments the ten prLvious years are graphed in Figure 5-3.

Best Track
IFore ast

Tangent to Psition
Best Track

_ 1 .4--- lFFE o- I
yen hying

Position

ATE

Figure 5-1. Definition of cross track error (CTE),

along track error (ATE) and forecast track error (FTE).
In this example, the CTE is positive (to the right of the
Best Track) and the ATE is negative (behind or slower
than the Best Track).

TABLE 5-1A. INITIAi POSITION ERROR SUMM'9ARY FOR THE WESTERN NORTh PACIFIC

SIGNIFICANT TROPICAL CYCLONES OF 1986 (ERRORS IN NM)

TROPICAL CYCLONE NUMBER

OF
ERROR WARNINGS

(01W) TY JUDY 16 21
(02W) TY KEN 17 18
(03W) STY LOLA 11 26

(04W) TS MAC 13 15
(05W) TY NANCY 23 15
(06W) TS OWEN ii 17
(07W) STY PEGGY 11 35

(08W) TY ROGER 12 19
(09w) TS SARAH 55 22

(11E) TY GEORGETTE 16 26
(10W) TY TIP 24 25
(11W) TS VERA 0' 54 7

(11W) TY VERA 92 17 48
(12W) TY WAYNE 14 67

f13w) TY ABBY 19 30

,14W) TY BEN 22 46
'15W, TY :ARH N 15 27

l'6W TS SOM 25 11

('7W, TY F' EN 4 
"

'11W TY F"RRE T 18 "

I T CEL 7 ,"1 A 10 E5 "'

C'W S HERBER- 26 15

"W1 7, :A 0 A

2 W TY 21' E 12 4

•1W -TY K 15 52

14W TS CIX j4 4

*W' TY MAFAP

'tW Ty wopp: 17 41

MEAN 7( TTAL '4,

160

...... - .. - -. -. . .- . . .--... . - - ' . - " -. • ' J . '" .-. . A " .M -L" . -. 2 ... - . l. " k.t- ... -,v . L.A..at&L&..."- - .- . .--6.*.- ) -A .



24 Hour Error (nm) FORECAST ERRORS (NM)

" '24-HR 48-HR 72-HR
MEAN: 121 261 394

MEDIAN: 121 255 383

STANDARD
DEVIATION: 89 183 254

CASES: 646 531 409

0-29

Nw,,6m of Fomin

48 Hour Error (nm)

fl,'Wel

* '',,.

S ''el --

Figure 5-2. Frequency distribution of the 24-, 48-, and
72-hour forecast errors in 30 nfl (56 kn) increments for
all significant tropical cyclones in the western North
Pactfic during 198.
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TABLE 5-lB. 24-HOUR FORAST ERROR SUpeAR FON TE WESTERN NORTH PACIFIC
SIGNIFICANT TROPICAL CYCLONES OF 1986 (gRROIRS I MR)

TROPICAL CYCLONE FORECAST NUMBER ALONG TRACK CROSS TRACE
ERRCR OF ERROR ERROR

WM WARNINGS ABS MAG * BIAS A BS RAG * BIAS

(OW) Ty JUDY 138 17 84 -56 93 -78
(02W) TY KU 78 15 62 11 31 -16
(03W) STY LOLA 130 22 104 -86 63 -43
(04W) TS MAC 123 11 96 -56 55 11
(05W) TY NAJICY 104 I1 95 -92 32 20

. (06w) I SOM 70 14 63 -15 22 -9
(07W) STY PIEG 68 31 36 -I 47 29
(08W) TI ROGER 75 15 59 -19 33 -18
(09W) TS SARAN 273 18 208 -177 153 -104
(11) TY GEORGEIET 154 19 94 -78 87 -72
(lOW) TY TIP 180 23 114 -96 107 -107
(11W) TS VERA 0I 150 5 76 27 123 122
(1W) TY VKRA 02 131 44 96 -67 76 29
(12W) TY WAYRE 124 59 101 -89 54 0
(13w) TI ABBY 104 26 79 -37 51 38

(14W) TY BEN 112 42 61 -2 81 -42
(15W) TI CARMEN 84 23 57 -17 54 18
(16W) TS DON 66 9 56 -12 74 -66
(17W) TYEL.LEN 78 29 42 -4 54 -2

(18W) TY FORREST 196 16 171 -158 58 -17
(19W) TS GEORGIA 92 14 67 -61 46 46
(20W) TS HERtBgRT 89 11 31 11 77 32
(21W) TS IDA 139 19 87 -66 84 -24
(22M) TY JOE 169 22 85 24 142 62

(23W) STY KIM 116 51 82 -36 76 13
(24W) TI LEE 78 7 41 7 62 -48

. (25W) TI MARGE 130 33 92 -59 68 33

(26W) T NORRIS 118 39 81 -75 73 13

TOTALS 121 645 8 -50 70 -4

6 ABS MAG . AbSolute Magnitude (distance)
-4 BIAS Is the median (middle value) of the sample.

Note: To meaaure forecast content with relation to a tropical cyclone track
reference frame cros track and along track errors omponents have been
generated In addition to Ue usual forecast errors. Specifics follow:

1. Cros track error component Is a measure of how far a warning position Is
displaced left or righlt of the beat track position. The samples consist of two
parts: the absolute magnitude (distance) and the bias (negative values (minus
sign) were left of track and positive values (plus sign) were right of track).

2. Along track error component 18 a measure of how far the warning position
ws displaced ahead or behind the best track position. It also consists or two
parte: the absolute maSnitude (distance) and the bias (negative values (minus
gln) were behind/slow and positive values (plus sign) were ahead/fast).

TABLE 5-1C. 48-HOUR FORECAST ERROR SIWNALRY FOR THE WESTERN NORTH PACIFIC
SIGIFICANT TROPICAL CYCLONE OF 1986 (ERRORS IN NM)

TROPICAL CYCLONE FORECAST NIUIMBE ALONG TRACK CROSS TRACK
ERROR OF ERROR ERROR

WARNINGS ABS AG BIAS ABS MAG BIAS

(01W) TY JUDY 331 11 310 -316 85 -75
(0211) TY KI 178 14 125 -29 86 -88
(03W) STY L LA 326 18 292 -300 105 -70

(04W) TS MAC 188 7 147 -22 103 -T9
' (051) TI NANCY 198 7 180 -173 60 44

(06MW) TS own 140 10 114 -64 72 -33
(OT) STY PEGGY 172 27 100 8 117 110

(08W) TI ROGER 105 9 83 -14 58 -38
(09W) T5 SARAN 671 14 507 -497 405 -394

(liE) TT GVORGETTE 363 17 187 -63 267 -269
(IOW) TY TIP 447 18 362 -370 194 -191
(11W) TS VERA t 226 1 207 -- 91 --
(11W) TY VERA 02 289 40 207 -137 169 74
(1?2W TY WAYI 274 46 237 -215 109 49
(13W) TY ABBY 160 22 94 9 107 81

(14W) TI BE 204 38 124 26 131 -33
(15W) TY CAN= 140 19 104 -70 68 14
(16W) TS DON 60 4 18 -4 50 -36
(17W) TY ELLER 159 25 65 17 135 41
(18w) TI FORREST 345 12 308 -257 124 -57

, (19W) TS GEORGIA 226 12 192 -194 101 99
(20W) TS H0BERT 130 8 106 103 55 26
(211) TS IDA 236 15 147 -123 147 -55
(22W TI JOE 508 18 227 -22 424 -33
(23W) STY KIM 280 51 167 -62 210 -54

(24V) TI LEX 189 7 131 -117 112 -24
(25W) TI MARGE 233 30 168 -97 139 89
(26W) TI NORRIS 254 35 171 -151 168 108

TOTALS 261 535 183 -115 151 -12

,' 162
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TABLE 5-1D. 72-HOUR FORECAST ERROR SUMMOARY FOR THE WESTERN NOrTH PACIFIC
SIGNIFICANT TROPICAL CYCLONES OF 1986 (ERRORS IN NM)

TROPICAL CYCLONE FORECAST NUMBER ALONG TRACK CROSS TRACK
ERROR OF ERROR ERROR

WARNINGS ABS KAG BIAS ABS RAG BIAS

I(01) T JUDY 599 9 586 -594 92 -23
(02W) Ty 288 14 184 80 179 25
(03W) STY LOLA 581 14 560 -576 127 -27
(04W) TS MAC 89 3 82 43 31 -10
(05W) TY NANCY 521 3 498 -505 101 100
(06W) TS OWN 128 6 67 -47 82 -17
(O7W) STY PEGGY 332 23 163 7 257 252
(08W) TY ROGER 198 5 154 -155 101 -103
(09W) TS SARAH 800 8 530 -540 585 -594
(11E) Ti GEORGETTE 374 16 219 101 276 -263
(lOW) TY TIP 774 16 544 -518 420 -369
(11W ) TS VE RA 1 0 --- ... .. .

(11W) TY VERA #2 543 36 363 -253 340 -10
(2W) Ti WAYNE 468 38 390 -377 196 119
(13W) Ti ABBY 225 18 1"8 83 147 114
(14W) Ti BEN 261 32 139 38 190 -133
(15w) Ti CARE 173 15 1.41 -138 73 -21
(16W) TSDO 29 1 24 -- 17 --

T(1W) r il 291 21 139 17 227 36
(18W) TY FORREST 427 8 353 -388 172 -176
(19W) TS GEORGIA 402 8 354 -356 205 202
(20W) TS HERBERT 217 4 134 133 162 -28
(21W) TS IDA 325 11 211 -207 205 -35
(22W) Ti JOE 431 8 113 -104 334 -246
(23W) STY KIN 488 31 355 14 317 -153
(24W) TS LIX 16 7 366 -369 183 143
(25W) TY MARGE 288 26 18O -105 189 150
(26W) Ti NORRIS 334 31 214 -151 224 214

TOTALS 394 112 276 - 227

TABLE 5-2A. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC

24-HOUR 48-HOUR 72-HOUR
YEAR FORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE

1971 111 64 212 118 317 117
1972 117 72 245 146 381 210
1973 108 74 197 134 253 162
1974 120 78 226 157 348 245
1975 138 84 288 181 450 290
1976 117 71 230 132 338 202
1977 148 83 283 157 407 228

1978 127 75 271 179 410 297
1979 124 77 226 151 316 223
1980 126 79 243 164 389 287

* 1981 * 123 75 220 119 334 168
1982 * 113 67 237 139 341 206
1983 * 117 72 259 152 405 237
1984 * 117 66 233 137 363 231
1985 * 117 66 231 134 367 214
1986 121 of 261 #9 394

* THE TECHNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 1981;
THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE MADE

". FOR THE ERRORS COMPUTED BEFORE 1981 AND THE ERRORS COMPUTED SINCE 1981.

IN 1986 RIGHT-ANGLE ERROR WAS REPLACED BY CROSS TRACK ERROR (SEE FIGURE

5-1 FOR THE DEFINITION OF CROSS TRACK ERROR).
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TABLE 5-2B. 1986 MEAN FORECAST, CROSS TRACK AND ALONG TRACK ERRORS
FOR THE WESTERN NORTH PACIFIC. (ERRORS IN NM)

FORECAST ERROR: CROSS TRACK ALONG TRACK
FORECAST ABS NAG BIAS ABS NAG BIAS

24-HOUR 121 70 (-4) 85 (-50)

48-HOUR 261 151 (-12) 183 (-115)

72-HOUR 394 227 (-12) 276 (-170)

F
%I.

*1"

TABLE 5-3. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC
(ERRORS ARE IN NAUTICAL MILES)

24-HOUR 18-HOUR 72-HOUR
YEAR ALL TYPHOON- ALL TRPHOON1 ALL TYPHOON'

1950-1958 70
-959 ,17 267

1960 177 354
19 1 136 274
1962 144 287 476
:963 1 7 246 374

A 964 133 284 429

1965 151 303 418
1966 136 280 432

* , 967 125 276 41
1968 105 229 337
1969 I2I 37 349

'970 104 98 190 181 279 272

" 971 111 99 212 203 317 308
1 972 117 116 245 245 381 382
'973 108 102 197 193 253 245
1974 T 20 114 226 8 348 357

975 138 129 288 279 450 4N2

1976 17 '17 230 232 338 336
1977 14 8 I40 283 266 :07 390

1978 27 120 27 1 241 10 59
1979 124 113 226 219 316 319

1900 126 116 243 221 389 362
1981 123 117 220 215 33N 342
1982 113 114 237 229 341 337
1983 117 10 259 247 NO5 38A
:98 7 10 233 228 363 361

1985 117 II? 231 228 367 355
1986 121 ITl 26 S6 394 803

Frecats lt verified when Ule Tropical Cycl ne Intensities were over 35
(18 /NNc).
Forcast positi0s north of 35 dereeS North Latitude wre not veritied.

Westem North Pacific Errors

72-"u M400 -u
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*1A43

.261

I '. " 121

[ .- 197 6 19g78 19810 19g62 1 ge4 190 losst0

• ,%'-"Figure 5-3. Annual nwa.nforecast errors (in ena)fot all
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b. North Indian Ocean 5-4 is the forecast along track and cross track error
summary for the North Indian Ocean. Table 5-5A

The positior given for warning times and those contains a summary of the annual mean forecast errors
- at the 24-, 48-, and 72-hour valid times were verified for each year. Table 5-5B includes cross and along

for tropical cyclones in the North Indian Ocean by the track error for 1986. Forecast errors are plotted in
- same methods used for the western North Pacific. It Figure 5-4 (Seventy-two hour forecast errors were

should be noted that due to low number of North Indian evaluated for the first time in 1979). There were no
" Ocean tropical cyclones, these error statistics should verifying 72-hour forecast in 1983 and 1985.

not be taken as representative of any trend. Table

TABLE 5-4. FORECAST ERROR SUMMARY FOR THE NORTH INDIAN OCEAN
SIGNIFICANT TROPICAL CYCLONFS OF 148b (ERRORS IN M)

INITIAL POSITI ON

TRCPCAL NUMBER OF
CIYCLONE ERROR WARNING.

TC 01 oR
. O2B 70,

STC ',A 76

MEAN 51 TOTAL 26

N'. 21-HOUR FORECASTS

TROPICAL FORECAS T ALONG TRACK CROSS TRACK
CYCLONE ERROR ERROR ERROR

ABS MAG BIAS ABS MAG BIAS

TC C'B 78 59 -5H N6 -4l
T C2B ---
TC 03A 259 C17 -250 69 68

MEAN 131 118 -117 53 -7

R8-HOUR FORECASTS

ROPICAL FORECAST ALONG TRACK CROSS TRACK
CYCLONE ERROR ERROR ERROR

ABS MAC BIAS ABS MAG BIAS

TO 01B 129 89 -89 74 -75
TC 028

TC 03A N01 38N N/A * 113 N/A

MEAN 16 131 -89 BA -75

72-HOUR FORECASTS

TROPICAL FORECAST ALONG TRACK CROSS TRACK
CYCLONE ERROR ERROR ERROR

ABS MAG BIAS ABS MAG BIAS

TC OIB 269 189 -190 180 -182
TO 02B -----. . ... .

TC 03A --- -------

MEAN 269 189 -190 180 -182

* SAMPLE TOO SM"ALL TO COMPUTE MEDIAN FOR BIAS.

TABLE 5-5A. ANNUIAL MEAN FORECAST ERRORS FOR THE WORTH INDIAN OCEAN

, 24-HOUR M8-HOUR 72-HOUR
YEAR FORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE FORECAST RIGHT-ANGLE

1971 * 232 410 ---..
1972 * 224 101 292 112

1973 * 182 99 29 160
197 - 137 81 238 146 ..

5. 1975 1N5 99 228 144 ---
1976 138 108 204 159 .. ..
1977 122 9N 292 214 ---

1978 133 86 202 128
1979 151 99 270 202 437 371
1980 115 73 93 87 167 126

N 1981 *m 109 65 176 103 197 73
19A 2* 138 66 368 175 762 R1ON
1983 *N 117 A6 153 67 --- --
1984 N* 154 71 274 127 388 159
1985 ** 123 51 242 109
1986 134 ... 168 ... 269

THE WESTERN BAY OF 1ENGAL AND ARABIAN SEA WERE NOT INCLUDED IN THE
JTWC AREA OF RESPONSIBILITY UNTIL THE 1975 TROPICAL CYCLONE SASON.

THE TECmNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 1981;
THEREFORE. A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE MADE
FON THE ERRORS CONIPUTED BEFORE 1981 AND THE ERRORS COMPUTED SINCE 1981.

,-IN 1986 RIGHT-ANGLE ERROR WAS REPLACED BY CROSS TRACK ERROR (SEE FIGURE
5-1 FOR THE DEFINITION OF CROSS TRACK ERROR).
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TABLE 5-5B. ANNUAL MEAN FORECAST ERRORS FOR THE NORTH INDIAN OCEAN
(ERRORS IN NAUTICAL MILES)

FORECAST ERROR:

YEAR 24-HOUR 48-HOUR 72-HOUR

1986 134 168 269

CROSS TRACK ERROR:

24-HOUR 48-HOUR 72-HOUR
YEAR ABS MAG BIAS ABS MAC BIAS ABS MAC BIAS

1986 53 -7 80 -49 180 -182

* ALONG TRACK ERROR:

24-HOUR 48-HOUR 72-HOUR
YEAR ABS MAC BIAS ABS MAC BIAS ABS MAC BIAS

1986 118 -118 131 -134 189 -190

North Indian Ocean Forecast Errors

Anntml means

-0- 48 Hw~ Mwa

600 - - 72 Ho" Mom

200- 
6

4 134

0
1976 1978 1980 1982 1984 1986 1988

Years

Figure 5-4. Annual mnean forecast errors (in nm)for all
tropical cyclones in the North Indian Ocean.

c. South Pacific and South Indian Oceans

Verification statistics for forecasts in the
southern hemisphere can be obtained from the raw data
sets addressed In Annex A.
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2. COMPARISON OF OBJECTIVE TECHNIQUES

a. General Pacific Ocean, three forecasts of position and
intensity are provided for 24-, 48-, and 72-hours:

Objective techniques used by JTC are divided RECR - a weighted man of all tropical cyclones which
into five main categories: were categorized as "recurving" during their best

track period; STRA - a weighted mean of all accepted
(1) extrapolation; tropical cyclones which were categorized as moving

"straight" (westward) during their beat track period:
(2) climatological and analog techniques; TI - a weighted mean of all accepted tropical

cyclones, including those used in the RECR and STRA
(3) model output statistics; forecast. For the North Indian Ocean, a single

(total) forecast track is provided for the 12-how'
(4) dynamic models; and intervals to 72-hours.

(5) empirical and analytical techniques; (5). OOSMOS - A model output statistics
(MOS) routine based on the geostrophic steering at the

In September 1981, JTWC began to initialize its 850-. 700-, and 500-mb levels. The steering is
array of objective forecast techniques (described derived from the HATIRACK point advection model run on
below) on the six-hour old preliminary best track Global propnostic fields from the FLEDMCEAf lCN's
position (an interpolative process) rather than the NOGAPS prediction system. The MOS forecast is then
forecast (partially extrapolated) warning position. blended with the 6-hour past movement to generate the
e.g. the 0600Z warning is now supported by objective forecast track.
techniques developed from the OOOOZ preliminary best
track position. This operational change has yielded (6). One-way Interactive Tropical Cyclone
several advantages: Model (OPICM) - A coarse-mesh, three-layer in the

vertical, primitive equation model with a 205km grid
*Techniques can now be requested msoch earlier in spacing over a 6400 x 4700 km domain. The model's

the warning development time line, i.e. as soon as the fields are computed around a bogused. digitized
track can be approximated by one or more fix positions cyclone vortex using FLEN'sCEANCDN'3 Numerical
after the valid time of the previous warning; Variational Analysis (NVA) or NOGAPS prognostic fields

for the specified valid time. The past motion of the
*Receipt of these techniques is virtually assured tropical cyclone is compared to initial steering

prior to the development of the next warning; and fields and a bias correction is computed and applied
to the model. FLEDI3CEANCEN's NOGAPS global

*Improved (mean) forecast accuracy. This latter prognostic fields are used at 12-hou intervals to
aspect arises because J7W now has more reliable update the model's boundaries. The resultant forecast
approximation of the short-term tropical cyclone positions are derived by locating the 850 mb vortex at
movement. Further, since most of the objective six-hour intervals to 72-hours.
techniques are biased towards persistence, this new
procedure optimizes their performance and provides (7). Nested Tropical Cyclone Model (NICK) -
more consistent gidance on short-term movement. A primitive equation model with properties similar to
indirectly yielding a more accurate initial position the OTCM. The NTCM differs by containing a finer
estimate as well as lowering 24-hour forecast errors. scale "nested "grid, initializing on NVA analysis

fields only, not containing a (persistence) bias
b. Description of Objective Techniques correction, and being a channel model which runs

independent of FLENUK)CEANCEN's prognostic fields
(1). XTRP - Forecast positions for 24- and (i.e., it does not require updating of its

48-hours are derived from the extension of a straight boundaries). The "nested grid" covers a 1200 x 1200
line which conmects the most recent and 12-hour old km area with a 41 km grid spacing which moves within
preliminary best track positions. the coarse-mesh domain to keep an 850 mb vortex at its

center.

(2). CLIM - A climatological aid providing
24-, 48-, and 72-hour tropical cyclone forecast (8). TAFT - An empirical technique which
positions (and intensity changes in the western North utilizes upper-tropospheric wind fields to estimate

- Pacific) based upon the position of the tropical acceleration associated with the tropical cyclone's
cyclone. The output is based upon data records from interaction with the mid-latitude westerlies. It
1945 to 1981 for the western North Pacific Ocean and includes guidelines for the duration of acceleration.
1900 to 1981 for the North Indian Ocean. upper-limits. and probable path of the cyclone.

(3). TPAC - Forecast positions are (9). CLIPER - A statistical regression
generated from a blend of climatology and persistence. technique based on climatology, current intensity,
The 24- and 48-hour positions are equally weighted position and past movement. This technique is used as
between climatology and persistence and three quarters a crude measure of real forecast skill when verifying
climatology and persistence, respectively; the 72-hour forecast accuracy.
position is one quarter persistence and three quarters
climatology. Persistence is a straight line extension (10). THETA-E - An empirically derived

Sof a line connecting the current and 12-hour old relationship between a tropical cyclone's minimam
positions. Climatology is based on data from 1945 to sea-level pressure (MSLP) and 700 mb equivalent
1981 for the western North Pacific Ocean and 1900 to potential temperature (Theta-E) was developed by
1981 for the North Indian Ocean. Sikora (1976) and Dunnavan (1981). By monitoring MSLP

and trends, the forecaster can evaluate the potential
(4). TYAN - An updated analog program which for sudden, rapid deepening of a tropical cyclone.

combines the earlier versions TYFN 75 and INJAN 74.
The program scans 3 30-year climatology with a similar (11). WIND RADIUS -- Following an analytical
history (within a specified acceptance envelope) to model of the radial profiles of sea-level pressures
the current tropical cyclone. For the western North and winds in mature tropical cyclones (Holland. 1980).
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a set of radii for 30-. 50-. and 100-knot winds based c. Testing and Results
on the tropical cyclone's maximum winds have been

, produced to aid the forecaster in determining forecast A comparison of selected techniques Is included
wind radii. in Table 5-6 for all western North Pacific tropical

cyclones. Table 5-7 for all North Indian Ocean
(12). DVORAK - An estimation of tropical tropical cyclones. In these tables. " x-axis "

cyclone's current and 24-hour forecast intensity is refers to techniques listed vertically. For example
made from interpolation of satellite imagery (DVORAK, (Table 5-6) in the 470 cases available for a
1984) and provided to the forecaster. These intensity (homogeneous) comparison, the average forecast error
estimates are used in conjunction with other at 24-hours was 124 rnm (230 kin) for RECD and 110 nm

- intensity-related data and trends to forecast tropical (204 km) for COSM. The difference of 14 nm (26 km)
cyclone intensity, is shown in the lower right. (Differences are not

always exact, due to computational round-off which
JT-C uses TPAC. TAPT. TYAN78. COSMOS. OTCM and occurs for each of the cases available for

NlT- operationally to develop track forecasts. comparison).
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, TABLE 5-6. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE

WESTERN NORTH PACIFIC OCEAN

24-HOURt FTZ MEAN ERRORS (N. MI)

JTrWC NTCM CLIP -OTCM CSU14 RECR TOTL -COSM TPAC CLIM XTRP

JTWC 641 122
122 0

NTM 529 121 544 129 r CmIO
12 7 6 129 0 CASKM a1.P OR

...... lIRROR
CL!P 490 121 502 127 502 126 rnc 'm roo DIFZ •v

126 5 126 -1 126 0 ZRRoA (Y - X)

OTCM 589 120 514 126 475 123 603 1?6
125 5 126 0 125 2 126 0

CS UN 498 122 431 125 407 127 501 125 505 ill
111 -11 112 -13 113 -14 110 -15 ill o0

REZCR 576 121 499 127 463 125 561 1231 47 10 59 2
126 5 130 3 127 2 124 0 , 2

Ti aO 59 121 510 127 472 124 575 125 483 110 588 128 603 129
•"28 7 131 4 128 4 125 0 125 15 130 2 129 0

zOSM 583 119 505 123 480 124 567 124 492 110 555 120 566 121 593 121
%1821 2 123 0 123 -1 120 -4 122 12 122 2 122 1 121 0

STPAC 591 121 512 125 475 123 578 126 489 Ill 571 126 585 128 572 121 607 129
128 7 130 5 128 5 125 -1 126 is 129 3 128 0 121 0 129 0

ZI-iM 593 121 512 125 475 123 578 126 489 111 571 126 585 128 572 121 607 129 607 171
i?1 50 17 1 46 171 48 168 42 173 62 168g 42 168s 40 163 42 171 42 171 0

XTRP 5 7 120 51& 126 477 123 582 126 492 Ill 571 126 585 128 575 121 607 129 607 171 611 133
1.!29 -9 134 _ 8 11 8l- 1 2 2 _129 IS 134 a 132 4 125 4 133 _4 1_33 -38 133 0

-% 48-HOUR FTE MEAN ERRORS (N. MI )

JTWC - NTC- CLIP OTCM CSOK RECR TOTL COSM TPAC CLIM XTRP

jTWC 528 260

m o26 0 0

NT CM 430 258 466 274; .CT OFFICIL. JrWC FoRICAST

269 11 276 0ITN VSDTOIA.CLW DS
i CLIP CLIPNR (CLrlltollqy &.d PERli-1-cm

ZL•42 24 43 7 3 6 OTCK O0l1-VAY T PICJAL CYCLO X WSDIL
a,261 7 269 -2 269 0 CS C-S . W ORL (gy npti -St- il ti l.

O% TCM 469 256 432 270 402 261 505 231 OL M T&L3 AXAI.OG (TTU , 70
S224 -32 228 -42 225 -36 231 0 COS. m cox ~ ( dal Outp p Stiir o)

% %'W&C CLIMAUTOLOGY A b PZRSIST]IKCS SI.ND
CS :$m 398 261 362 270 345 269 414 224 424 227 CLIN CL mUTOI2oaT

225 -36 223 -47 220 -49 224 0 227 0 IxTrP 12-Wom ZXT J LATTOY

RER 46 259 432 271 402 264 475 226 399 221 510 265

I 262 3 263 -8 257 -7 260 34 268 47 265 0

d5TTL 495 2 59 439 271 407 264 484 229 407 223 508 266 519 265
262 3 259 _-12 251 -13 260 31 268 45 267 1 265 0

CDSM 45 256 433 263 415 266 472 226 412 227 480 259 486 257 507 249

248 -8 247 -16 244 -22 243 17 244 17 250 -9 251 -6 249 0
TPAC 485 258 439 268 409 263 483 230 411 227 492 263 501 262 489 250 520 255

247 -ii 248 -20 240 -23 247 17 255 28 251 -12 250 -12 245 -5 255 0

zii:M 485 258 439 268 409 263 483 23 0 411 227 492 263 501 Z62 489 250 520 255 520 316
306 48 311 43 308 45 3, 4 84 32A 101 308 45 308 46 307 57 316 61 316 0

XTRP 486 258 440 269 409 263 484 230 411 227 492 263 501 262 489 250 520 255 520 3 16 521 299
292 34 289 21 278 _15 290 60 299 72 298 35 297 35 280 38 299 44 299 -1' 299

72-HOUR FTE MEAN ERRORS (N. MI)

jTWC NTCM CLIP - TCM- CSUM RECR TOTL COSM - TPAC CLIM XTRP

JTWC 4 06 392
192 0

,;" T.2m 332 39 6 386 457
*4 438 42 457 0

,.-"*:_,p 312 397 363 4G0 363 430
414 1 7 430 -31 430 0

"'".L,'; 35 4 318 449 300 414 369 53. 5 5 550
3-m 29 3 4CI 288 459 2'9 429 3cl! 347 335 349

t 34 6 5 5 348 -110 346 "e3 346 1 349 0

RE- 36 397 355 455 336 426 341 349 314 342 416 423
414 17 426 "29 425 -1 42 3 74 439 97 423 0

7. -.7:, 367 119@ 363 455 341 427 349 351 320 345 414 422 424 406
3 
9  

-11 399 -56 391 -14 409 5A 419 73 408 -14 406

3L ;S 59 319 359 451) 349 428 343 352 324 351 3R9 42 3 398 402 414 431
429 31 428 22 4 30 2 399 47 406 515 415 12 435 11 411 0

TPAC 368 ]07 361 448 341 425 349 355 322 350 398 421 407 404 19 417 423 376
3 41 56 376 -12 175 -50 380 25 398 Is 369 S2 371 33 )77 60 316 0

il '
' 

,M ice 397 361 449 341 425 349 155 322 350 398 421 407 414 3 9 ( 4 3 413 17b 4,'1 41'
3W o 71 -26 421 2- 421 -4 42M 11 437 87 401 14 410) 6 419 is 417 41 417 3

"XTRP 164 395 355 447 335 422 144 357 310 3.50 11)4 419 401 402 392 440 417 374 417 414 41R 4 4
ll 

.
46R 73 463 16 461 39 4 70 Ill 498 14A 4 76 57 477 75 472 12 477 101 41' 61 4,q

='-*"169
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TAKE 5-7. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NORTHERN INDIAN OCEAN

24-2080 M MAX 1r3OgRS (1. MI)

JTc 10C 01CH 8IUCR TTL TPAC CLIK 1[3?

JYwc 16 134
134 0 •um:81 • -& I

iRrcm 13 138 15 137 0 • ula

137 -1 137 0 cam "Om

01CM 11 160 9 17S 11 277 raclW0 pi rlkucs
277 117 271 93 277 0

ICR 12 141 12 150 9 270 14 143
140 -1 145 -5 150 -120 143 0

' TOTL I let1 a 191 6 303 10 177 10 177
112 -7 ISO -1 109 -104 177 06

TPAC is 140 14 146 11 277 14 143 I 0I17I 17 14;1

164 24 163 17 IS$ -09 156 I3 201 24] 161 0

CLIA 15 140 14 146 11 277 14 143 10 177 17 141 17 176
183 43 179 33 211 -66 177 34 233 54 176 15 176 0

UTRP 15 140 14 146 11 277 14 143 10 177 17 161 17 176 17 153
153 13 155 9 173 -104 140 -3 174 -3 153 -0 153 -23 153 0A

48-800R rT3 S0lAD I8303J (N. MI)

6 0TC OCH3 ICR TOTL TPAC CLIM XTP

JIU 7 14
148 0 0IUc - 0rIXCIAL JYIc PORSCAT

w UCS - tSY ! *S CILL CYCLOR WOOI L
W16 4 121 a 199 OWN - 0m3-MY TROCAL CYCWAM NOSL

208 79 199 0 e - zcnWaMM JAILO (n" 78)
-TIL~ TOPI AMMIOP (TYA '187

0,00 2 134 2 254 2 528 TIAc - CL1?0O0GT AD Pz3JZSTSSC Sz n
528 314 528 274 528 0 CLIN CLIAT0W#T

XT - 12-MaR (S* AVOP0)
ICR 4 200 3 247 1 402 5 249

232 32 157 -90 16 -436 241 0

TOIL 1 401 0 0 0 0 2 387 2 387
459 58 0 0 0 0 387 0 387 0

TPAC 6 179 7 209 2 528 5 241 2 387 9 174
162 -17 118 -11 So -430 211 -30 370 -17 174 0

CLIM 4 179 7 209 2 528 5 249 2 387 9 174 9 170
178 -1 102 -107 68 -440 207 -42 408 21 170 -4 170 0

T3 4 17 9 7 209 2 52 51 249 2 33 9 174 9 170 9 196
172 -7 153 -56 135 -393 220 -29 345 -42 196 22 196 26 196 0

.. ,%,72-11OUR rTI KX IRM.ORS (N. KI)

ir," wrc O M TPAC CLIN XTrr

.TUc 5 2492491 0

-- 6. 5 29 5 438
438 169 430 0

0106 1 254 1 400 1 1015
1015 761 1015 415 1015 0

TPAC 4 286 4 451 1 1015 4 142
142 -144 142 -309 192 -833 142 0

CLrx 4 286 4 451 1 1015 4 142 4 152
152 -134 152 -209 166 -841 152 10 152 0

XT5 4 21 4 451 1 1015 4 142 4 152 4 194
196 -90 196 -255 221 -781 196 54 194 44 194 0
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CHAPTER VI - NAVENVPREDRSCHFAC TROPICAL
CYCLONE SUPPORT SUMMARY

The Advanced Tropical Cyclone Model (ATICM) Typhoon Warning Center (JTWC) during the 1978-85
period are evaluated. Forecast accuracy is judged on

(Hodur, R.M., NAVENVPRERSCHFAC) error measures of forecast error, cross-track error,
and along-track error. The evaluation includes the

The Advanced Tropical Cyclone Model (ATCM) is consistency, as well as the accuracy, of the
being developed to improve forecasts of tropical objective aid forecasts. In addition, the data are
cyclone paths to 72-hours. The ATM4 is really the stratified according to season. maxiniur storm
Navy Operational Regional Atmspheric Prediction intensity, and storm path type for a more detailed
System (NFiAPS) redesigned to run optionally as a error analysis. During the first eight-year period
tropical cyclone model. Given this redesign. NORAPS (1978-85), HPAC, the climatology/persistence model,
can produce forecasts each watch for a given region, and (rlU4, a dynamical model, errged as the best and
such as the tropical western Pacific, and if the AT"O most consistent aids.
option is included, any and all, tropical storms Results also show that the forecasters at
present in the forecast domain will be bogused into JTW can assimilate the wealth of objective aids and
the initial fields. The forecast storm position(s) provide reliable forecast gidance. When storms move
will be computed in the model at some selected erratically or fail to attain typhoon strength. J'1
nterval and sent to J7WC upon completion of the forecasts are superior than the objective aids.

* forecast. Forecast fields (e.g., sea-level pressure,
mean Planetary Boundary Layer (PBL) winds) can be
sent also, as is currently done for all NORAPS areas. Automated Tropical Cyclone Forecasting System

Although the redesign of NORAPS to function
as the ATOIM is complete, the exact method of bogusing (Miller, R.J.. and T.L. Tsui. NAVEDPREDCHFAC)
the tropical storm has not yet been determined.
Currently. four methods of bogusing the tropical The Automated Tropical Cyclone Forecasting
storm are being evaluated. Other tests are being (AIK7) system is an IBM PC compatible software
conducted to evaluate the significance of package currently being developed for the Joint
interactions between storms which occur in multiple Typhoon Warning Center (J7W). ATCF is designed to
storm situations. Upon completion of these tests, allow JTWC forecasters to display graphically
the bogusing method which produces the smallest tropical cyclone forecast information, merge and
forecast errors will be incorporated into the ATC) analyze synoptic wind fields, provide objective fix
and the system will be ready for operational guidance, select optimum objective forecast aid, and
evaluation. expedite the issuance of tropical cyclone warnings.

One great advantage of using ATCF is the
standardization of the tropical cyclone forecasting

Tropical Cyclone Prediction Research procedures, so that during the course of the tropical
cyclone warning preparation, forecasters will not

(Elsberry, R.L. and J.E. Peak, NAVPOST iGADSCH) neglect consideration of any
decisional steps or available options. ATCF

In view of high personnel turnover of the automatically saves all tropical cyclone data.
JTWd forecasters, more objective approaches to the computes the real-time and post-storm statistics. and
tropical cyclone forecasting processes are being allows forecasters to randomly access any past storm
developed. The performance of different tropical data. A communication package included in A7lCF
cyclone forecast aids (NItM, 0C. RE 'I, TOL, CYS0) simplifies the data transfer procedure between JTWC
for various cyclone characteristics and different and Fleet Numerical Oceanography Center in Monterey,
envirormental conditions has been evaluated. The California.
factors affecting the accuracy of objective forecast When the A=IF is fully developed, it can be
aids are being incorporated into a decision tree to used as a training aid to simulate the actual
assist the forecaster in following a logical and Tropical Cyclone Inner Regional Circulation

- reasonable path In selecting the appropriate aid in a Classification
"c given situation. A post-processing scheme for

adjusting the OICM predictions, which achieved a 30% (Gray, W.M. Colorado State University)
reduction in 72-hour forecast error on the dependent
sample is proposed for operational testing. An The goals of the project are 1) to analyze
objective method for determining the warning position the details of inner 270 nm (500 khn) radial and
from a variety of fixes has been given to NEPRF for vertical structure of tropical cyclones of the
testing, western North Pacific. and 2) to determine the
would be unwarranted at lower risk levels. A rule various classes of inner region circulations. The
for deciding such actions can be derived on an results are expected to assist in determining the
expected outcome basis (e.g. cost/benefits ratio), proper inner core circulation bogusing method in the
The CHARM model is now being adapted for seven North initialization procedure of the new Advanced Tropical
Pacific sites: Pearl Harbor, Guam, Subic Bay, Buckner Cyclone Model.
Bay, Yokosuka, Sasebo, and Pusan. Aircraft reconnaiss3dnce data will be used for

-. ',- knowledge of the inner 150 n (278 krn) radius cyclone
circulation at lower tropospheric levels. Rawansorke

Fvaiuation Of JT& Objective Aids and Japanese Geostationary Meteorological Satellite
(GS) satellite data will be used for information or

- (Tiul, T.L., and R.J. Miller, NAVFNVPREIRSCHFAC) the circulation characteristics (with sme
Tvatoverlapping) between 150-270 nm (278-500 Kmn) radii
The objective aid forecasts used at the Joint and for estimates of the vertical resolution of the
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cyclone circulation at all radii. It is anticipated North Pacific Tropical Cyclone Climatology
that there are four or five distinctive inner cyclone

* circulation patterns which need to be documented tor (Miller, R.J. and T.L. Tsui. NAVENVPREDRSCHFAC)
" analytic incorporation into the nuzrerica) model.

." A tropical cyclone climatology for the North

Pacific has been developed and now is being reviewed
Navy Tactical Applications Guide (NTAG), Vol. 6 by EGPACOM. Data used for the western basin were

taken from the JTNC tropical cyclone data base arti
iFett. R.W., NAVVPREDRSCHFAC) covered a period of 40 years, 1945-84. Eastern basin

data spanned the 34 years period 1949-82 and were
An effort is now underway to develop a series obtained from the consolidated world-wide tropical

of examples demonstrating the use of high quality cyclone data base at National Climatic Data Center,
satellite data for analysis and forecasting in the Asheville, N.C.
tropics. Both polar orbiter and geostationary Storms for both basins were sorted according
satellite data are used to study the evolution of to month/day of the year into twenty four 31-day
certain weather effects or of a particular weather overlapping periods. For each period, four charts
phenomenon at a given time. are supplied: I) actual storm paths; 2) mean storm

These examples are intended for publishing in paths 3) average storm speed; and 4) storm constancy
{*$ the NTAG volume o, Part 1, Tropical Weather Analysis and frequency.
[*.' and Forecast Applications, and Volume o, Part I,
-'. Tropical Cyclone Weather Analysis and Forecast

A plications. NTAG Volume o, Part I is presently in
thepubihing process. Distribution is anticipated Evaluation Of CSUM Objective Aid

- in early 1987. Part II is still in the research
process. Publication is anticipated in 1988/89. (Tsui. T.L. and R.J. Miller, NAVENVPREDRSCHFAC)

CSLt is a statistical tropical cyclone
Tropical Cyclone Condition Setting Aid prediction model developed by Matsunoto and Gray

(Colorado State University), and was implemented into
*jarrell, J.0., Scd. Appl. International Corporation) the JTWC combined ARQ procedure in September 1985.

Preliminary results of all 35 storms since
"he tropical cyclone wind probabilities implemntation indicate that CSUM gives good

formed the basis for the development of a model to objective guidance. The mean 72-hour forecast error
aid in tnreat analysis and decision making. The for CSUM was 303 nm (561 kin) compared to 315 n (583Cyclone Hurricane Acceptable Risk Model (CHARM) kin) and 330 rm (611 kin) for COSMOS and OTCM
cevelopel by Jarrell assumes that at some high risk respectively for the same period. In a head-to-head
or high probability level, decision makers would ccmparison, CSUM had a lower mean error than all
orer tropical cyclone condition evasion actions that other objective aids. The median 72-hour cross-track
tropical cyclone warning procedure. New forecasters and along-track errors indicate that CSUM possesses
can gather valuable hands-on experience of the no track bias but is one of the slower techniques in
warning procedure during their training period. terms of predicted storm speed.
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ANNEX A

1. GENERAL

Due to the radpid growth of personal computers in
the meteorological cariaufity, and saved publishing
costs, raw tropical cyclone track (best track.
initial warning, 2L4-hour forecast, 48-hour forecast,
and 72-hour forecast) and fix (sateiiite. aircraft,
radar and synoptic) data will be available
separately, upon request, to be copied on 5.25 inch
"floppy" diskettes. These data sets include: one (1
January - 31 December 1986) for the western North
Pacific and North Indian Oceans, and the other (1
July 1985 - 30 June 1986) for the South Pacific and
South Indian Oceans. The first data set requires
four and the second requires two 5.25 inch "floppy"
diskettes. Agencies or individuals desiring these
data sets should forward the appropriate number of
diskettes (four, two or six for both data sets) to
NAVrXEANCOk'CE)J/JT4C Guam with their request for one
of two computer systems - Z-LX)S (Zenith computer
compatible) or MS-DOIS (Zenith or IBM computer
compatible). Once your request has been received the
requested data will be promptly copied onto your
diskettes and returned with an explanation of the
recorded data formats. The use of "floppy" diskettes
should facilitate the transfer of these bulky raw
data files to your comp~uter.

2. WESTERN NORTH PACIFIC
VERIFICATION STATISTICS

This section includes only verification
statistics for each warning in the western North
Pacific. Pre- and post-warning best track positions
are not printed, but are available in the raw data
set that can be requested (see paragraph 1. above).
(Simiilar verification statistics for the North and
South Indian Ocean and western South Pacific are not
included In this publication, but can be generated
from the raw track and fix data files mentioned in
the section 1. above.)
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Typhoon Judy (01W)
DTG We BTLat BTLon Pos Er 24 Er 48 Er 72 Er STWn WW Er 24 WE 48 WE 72 WE

86020100 1 46N 1436E 24 110 51 276 30 0 10 10 10
86020106 2 51N 142 1E 13 8 54 359 30 0 -5 -5 -5
86020112 3 55N 1405E 35 251 216 523 30 0 10 0 -5
86020118 4 59N 1389E 9 114 265 682 35 .5 -5 0 .10
86020200 5 65N 1374E 13 109 300 701 45 -5 5 0 -15
86020206 6 78N 136 2E 18 57 353 732 50 0 5 0 5
86020212 7 88N 1348E 18 125 471 790 50 0 10 -10 10
86020218 8 97N 1336E 24 243 560 746 55 0 10 -15 15

86020300 9 105N 1324E 6 240 501 585 55 5 -10 -40 5
86020306 10 11 3N 1317E 12 296 542 60 0 -15 -15
86020312 11 124N 131 3E 12 126 324 60 0 -35 -15
86020318 12 136N 131 3E 30 184 60 -5 -40
86020400 13 149N 131 6E 6 98 65 0 -40
86020406 14 161N 1323E 0 80 70 -5 -15

86020412 15 171N 1336E 17 94 75 5 5
86020418 16 180N 1352E 25 56 80 -5 10
86020500 17 186N 1365E 28 165 85 -10 10
86020506 18 186N 1379E 6 60 0
86020512 19 187N 1392E 11 45 0
86020518 20 188N 140 5E 24 35 0
86020600 21 188N 141 8E 6 30 0

AVERAGE 16 138 331 599

# OF CASES 21 17 11 9

Typhoon Ken (02W)
DTG We BTLat BTLon PosEr 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86042618 1 74N 1397E 48 121 273 444 45 -10 -20 .15 25
86042700 2 77N 1396E 24 98 236 402 50 0 -5 20 60
86042706 3 80N 1394E 0 43 92 222 60 0 -5 35 65
86042712 4 86N 1393E 25 51 97 210 70 -5 0 40 65
86042718 5 91N 1393E 22 24 84 194 75 -5 10 50 70
86342800 6 96N 1393E 6 139 264 346 80 -5 25 55 75
86042806 7 99N 1393E 8 118 294 608 90 -5 35 60 55
86042812 8 101N 139 11. 18 125 299 539 85 0 40 60 60
86042818 9 102N 1389E 30 156 354 565 80 10 40 45 45
86042900 10 103N 138 7E 6 30 126 156 70 5 5 30 35
86042906 11 103N 1384E 0 48 133 149 60 5 5 30 40
86042912 12 103N 1381E 8 37 70 43 55 5 0 5 0

86042918 13 103N 1378E 6 57 80 59 50 5 0 15 25
86043000 14 103N 1374E 13 72 88 88 45 5 5 20 30
86043006 15 102N 137 1E 12 59 40 5 0
86043012 16 101N 1367E 30 40 0
86043018 17 98N 1362E 48 35 0
86050100 18 96N 1357E 8 30 0

AVERAGE 17 78 178 288
# OF CASES 18 15 14 14

Super Typhoon Lola (03W)
DTG We BT Lat BTLon Pos Er 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86051700 1 78N 1597E 48 166 157 274 40 -10 -20 -60 -75

86G51706 2 80N 1596E I7 78 165 335 50 0 -10 -55 -50
8605'712 3 8ON 1594E 25 53 142 293 55 0 10 60 40

86051718 4 8IN 1592E 38 34 76 248 60 0 -15 65 30
86051800 5 82N 159 0E 12 86 259 477 65 0 35 50 20
8605,806 6 86N 1590 8 90 264 461 75 0 40 35 5
86051812 7 93N '589E 8 68 275 486 80 0 40 25 5
86051818 8 98N 1585E 13 98 285 541 90 0 35 5 30
8605'900 9 103N 158 0E 5 140 303 642 115 0 5 25 65

8605,906 10 ION 157'E 0 118 340 785 130 0 15 35 65

860519'2 1 1 6N 56 3E 8 68 285 828 140 5 20 40 65

8605'918 2 '23N 55 4f 6 100 383 1028 150 0 35 55 70

8605200,0 '3 '34N 5,42f 8 '04 406 947 140 10 0 15 15

86052706 4 '44N '532F 8 68 204 792 135 5 5 5 15

860502 '5 '52N12 231 6 '20 414 130 5 5 15

860520'8 '6 16 IN '5 5:E 8 138 510 '25 0 10 30
867520 7 ''SN r50 9F 6 159 628 120 0 25 35

86052"'6 8 '8 9N '505f 6 '78 778 115 0 20 35

86052''? '9 ?04N '503I 6 '76 '10 0 15

86052118 20 22'N 1505fI 7 244 95 10 25

86052200 2' 238N 15' 0F 6 239 80 0 5
86052206 22 258N '52 'f 6 338 80 0 10

860522'2 23 278N '53 9( 6 '5 0
86052218 24 102N '563F 2 65 0
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86052300 25 3281N 1599E 8 55 0
86052306 26 353N 1644E 10 50 0

AVEAGE 11 130 326 581

-OF CASES 26 22 18 14

Tropical Storm Mac (04W)
DTG W# BTLat FTLon Pos Er 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86052600 1 2081N 121 2E 19 110 104 33 35 0 .5 15 10

86052606 2 21 3N 121 7E 42 109 142 65 45 0 15 30 25
86052612 3 2201N 1220E 6 123 265 169 45 5 15 25 20
86052618 4 2266N 1221E 29 168 255 45 0 15 15
86052700 5 2322N 1226E 13 118 139 45 0 20 15

86052706 6 23 3N 122 8E 12 29 203 40 0 15 20
-4 86052712 7 235N 1230E 11 70 209 40 .5 10 25

86052718 8 235N 1233E 12 86 35 0 10

86052800 9 235N 1236E 16 166 30 5 10

86052806 10 234N 124 1E 6 196 30 5 -5

86052812 11 2344N 1251E 13 180 30 0 5
86052818 12 237N 1263E 13 30 0
86052900 13 24 ON 1277E 0 30 0
86052906 14 2444N 1293E 0 30 0
86052912 15 249N 1309E 6 25 0

AVE4AGE 13 123 188 89

# OF CASES 15 11 7 3

Typhoon Nancy (05W)
DIG W# BTLai BTLon Pos Er 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

" 86062118 1 1422N 1291E 13 74 198 707 30 0 -15 -20 -5
86062200 2 1551N 1278E 18 59 128 508 50 0 -10 -10 5
86062206 3 1661N 1264E 0 31 104 347 55 0 5 15 20
86062212 4 1781N 1253E 21 60 101 65 0 -10 10
86062218 5 189N 124 1E 12 42 244 70 0 -5 5
86062300 6 200N 1230E 6 24 300 75 0 5 15

' 86062306 7 21 3N 1222E 0 88 310 75 -5 0 15
86062312 8 2255N 121 8E 6 152 80 0 20

86062318 9 2377N 121 7E 6 341 70 0 10
86062400 10 256N 121 7E 17 131 65 0 0
86062406 11 2811N 1219E 20 145 55 0 5
86062412 12 2981N 1237E 28 50 0
86062418 13 321N 1275E 107 50 0
86062500 14 34.5N 1296 51 45 0
86062506 15 36 3N 1325E 34 30 10

AVGE 23 104 198 521

# OF CASES 15 11 7 3

Tropical Storm Owen (0W)
DIG W# BTLat BTLon PosEr 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86062800 1 1533N 1353E 24 106 165 203 30 0 10 10 30
86062806 2 1533N 1343E 35 49 69 17 35 0 10 20 35
86062812 3 156N 1332E 24 68 111 74 35 0 10 30 55
86062818 4 160N 1324E 59 129 147 86 35 5 10 35 55
86062900 5 1633N 131 5E 13 52 54 157 35 0 5 15 35
86062906 6 165N 1306E 6 42 109 229 40 0 5 25 35

86062912 7 1677N 129 9E 6 38 132 45 5 15 30
86062918 8 170N 129 2E 6 38 172 50 0 20 30
86063000 9 1755N 128 6E 27 85 242 50 10 10 15

- 86063006 10 18 1N 1280E 6 70 197 45 5 0 5

* - 86063012 11 1871N 1276E 0 66 45 0 0
86063018 12 1933N 1272E 30 38 40 0 5

86070100 13 2022N 126 8E 8 142 40 0 0

86070106 14 21 8N 1270E 8 60 40 0 0
86070'12 5 2311N 1273E 0 35 0

86070118 16 2444N 127 6E 13 35 0
86070200 '7 257N 180F 13 30 0

'AA 6 70 140 128

# OF CAS4 S 17 14 10 6

Super Typhoon Peggy (07W)
MJrG W# BTLat BTLon PosEr 24 Fr 48 Er 72 Er BTWn WW Er 24WE 48WE 72WE

86070300 1 139N 151 8E 35 77 117 164 30 0 5 30 30

86070306 2 140N 150 6F 8 68 87 146 35 5 15 35 35
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86070312 3 14 1N 1492E 23 74 116 189 40 5 20 35 40

86070318 4 143N 1478E 12 18 54 71 45 .10 -30 40 40
86070400 5 144N 1464E 6 12 49 90 55 0 20 30 35

86070406 6 146N 1452E 8 27 78 212 60 0 20 30 .25
86070412 7 147N 144 0E 12 55 154 298 70 0 15 35 15

86070418 8 148N 1427E 17 61 125 198 85 15 25 30 10

86070500 9 150N 1413E 0 54 105 177 95 5 10 20 10

86070506 10 15ON 1400OE 6 62 170 371 100 0 5 5 5
86070512 11 151N 1387E 0 79 269 484 105 0 0 15 25

86070518 12 153N 1373E 6 100 293 524 115 5 5 20 35

86070600 13 155N 1360E 6 25 109 345 120 0 10 10 45

86070606 14 157N 1345E 12 21 213 462 125 0 5 20 45

86070612 15 160N 1332E 0 60 292 520 135 5 15 25 45

86070618 16 164N 1318E 6 138 377 573 135 0 15 30 45

86070700 17 167N 130 4E 8 155 386 608 140 0 20 40 50

86070706 18 169N 1290E 6 146 374 602 135 5 15 35 55
86070712 19 171N 1277E 13 132 309 503 130 0 0 20 15

86070718 20 173N 1265E 25 151 309 525 125 0 5 15 10

86070800 21 173N 1256E 8 18 103 183 120 -5 5 10 15

86070806 22 174N 1246E 6 38 114 210 115 5 10 25 15

86070812 23 176N 1236E 0 79 156 175 110 0 5 25 5

86070818 24 178N 1227E 17 116 198 '00 0 15 0

86070900 25 179N 1220E 0 17 41 90 0 10 5

86070906 26 18 1N 121 4E 6 34 22 85 0 10 20

86070912 27 186N 1208E 6 41 13 80 0 10 10

86070918 28 191N 1202E 21 59 75 0 0

86071000 29 195N 1194E 8 49 70 0 5

86071006 30 19.9N 1188E 6 58 65 5 5

86071012 31 20 7N 1182E 21 69 65 5 15
86071018 32 214N 1174E 17 65 0
86071100 33 22.3N 1166E 6 60 0

86071106 34 229N 1157E 41 50 5

86071112 35 235N 114.8E 16 40 0

AVER:AGE 11 68 '72 332

# OF CASES 35 31 27 23

Typhoon Roger (08W)

UTG V. # BT Lat BT Lon Pos Er 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE

86071300 1 167N 1394E 0 108 174 211 40 0 30 5 5

86071306 2 176N 1381E 50 128 177 218 45 0 0 '0 5

86071312 3 186N 1370E 18 51 117 232 55 0 0 10 25

86071318 4 196N 1361E 23 66 138 311 60 5 0 0 35

86071400 5 206N 1351E 8 22 71 16 65 5 5 5 15

86071406 6 214N 134 IE 6 49 130 65 0 25 25

86071412 7 223N 1330E 6 48 8' 65 5 35 25

86071418 8 230N 1320E 0 40 39 70 10 30 15

86071500 9 239N 131 IE 55 79 18 75 0 .15 20

8607 1506 10 246N 1305E 12 91 80 5 15

86071512 11 252N 1299E 6 20 85 5 l0
8607,518 12 258N 12946 6 65 80 '0 5

86071600 '3 264N '291 6 94 75 0 0

86071606 14 272N 128 9E 0 '09 70 0 0

86071612 '5 282N 1292E '2 157 65 0 0

86071618 16 293N 1296E 0 55 0

8607 700 '7 306N 1307 8 55 0

8607706 '8 3' 9N '324) 8 45 0

860-" 712 9 328N '348F 8 45 0

AVE W' 2 5 05 '98

#O CASE S 1 "5 9 5

Tropical Storm Sarah (09W)
a , W BT 1 BT o- Pc F P4 F, 48 [1 "2 E, BT W- J '24 WE 4A WE WI

167'3(22 "52N '3C5) 24 39 39 *4* 3 5 0 1

r, '313' 2 ' '295 3) 6q 85 25 ' ,,4

F '9N 2S13 ,F 'H 6 34' 9 "

4 ', IN 251 '3435 ?F' 4W 15

* "3'3"1 , 'f"N 251 '82 1F2 R. 4 D

. 2 4'. i. 5 i
91t, ,' 6 1 " 'IN "24 '4 "E '''H1 4'

86711' '2 4N '24 1 'll 3 4 , 4
,

863 2' 8 ' -'. N '4 It '. ' 5fi , q "- I

9 6 C 9 'F ,N '14 8f Hq I

22 3t '3 .~t1,N ';',,E5
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- - - 0 -• - - 1 w O 4

88080218 14 20.5N 126.9E 11 306 1186 50 -5 -5 5

86080300 15 21.3N 1278E 6 245 55 -5 0

86080306 16 22,ON 1285E 13 414 50 0 5

86080312 17 233N 1296E 39 332 50 -5 10

86080318 18 25.3N 1316E 42 439
86080400 19 27.8N 133.8E 24 40 0

86080406 20 30.3N 136.7E 71 35 5
86080412 21 333N 1399E 51 30 5

86080418 22 36.2N 143.OE 173 30 0

AVERAE 55 273 671 800

0 OF CASES 22 18 14 8

N Typhoon Georgette (11E)
DTG WS BT Lat OT Lon Pos Er 24 Er 48 Er 72 Er BT W WIN Er 24 WE 48 WE 72 WE

86080906 1 146N 1763E 8 44 214 472 40 -5 0 0 10

86080912 2 149N 175.1E 6 58 294 574 45 0 10 25 40

86080918 3 ISIN 173.9E 6 92 346 583 45 5 5 20 40

86081000 4 15.3N 172.7E 13 144 391 578 50 -5 0 10 25

86081006 5 154N 1717E 13 101 327 432 55 0 10 30 50

86081012 6 156N 1709E 17 179 458 521 60 0 15 35 60

86081018 7 157N 170.4E 30 184 358 366 65 0 10 30 65

86081100 8 159N 1700E 6 127 251 208 65 0 0 0 40

86081106 9 16.ON 1697E 18 134 228 262 65 0 5 20 45

86081112 10 16.2N 1695E 12 91 198 366 65 0 5 25 45

86081118 11 165N 1694E 37 113 217 430 65 0 5 30 45

86081200 12 167N 1694E 27 138 366 530 65 0 5 35 45

86081206 13 171N 1691E 24 174 472 397 60 10 25 40 55
86081212 14 175N 1685E 8 162 491 170 60 5 30 45 55
86081218 15 18.2N 1679E 24 217 596 66 60 0 15 15 20

86081300 16 190N 1673E 12 272 548 36 60 0 15 5 5
- 86081306 17 197N 166.3E 8 306 421 50 0 5 0

86081312 18 205N 1643E 0 244 45 0 10
4 86081318 19 208N 1621E 29 151 40 0 -10

86081400 20 212N 159.9E 6 35 0
86081406 21 220N 1574E 25 35 0

86081412 22 224N 1548E 24 35 -5
86081418 23 21 7N 151 8E 16 35 0

86081500 24 200N 1520E 6 35 0

86081506 25 191N 153.2E 17 30 0

86081512 26 19 2N 155.6E 13 30 -5

AVERAGE 16 154 363 374

#OF CASES 26 19 17 16

Typhoon Tip (10W)
,TG W# BTLa! BTLon Pos Er 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86081306 1 187N 1569E 6 128 279 387 50 0 5 5 .15

86081312 2 188N 1564E 11 176 393 541 55 0 15 30 20

86081318 3 188N 1559E 6 176 392 558 55 5 20 35 35

86081400 4 186N 1561E 18 144 326 436 60 0 20 15 30

86081406 5 190N 1564E 53 168 329 444 60 0 20 10 30

86081412 6 195N 1564E 0 148 284 490 60 0 15 10 40

% 86081418 7 199N 1564E 6 135 256 534 60 0 5 15 45

86081500 8 205N 1563E 25 165 296 710 60 0 5 20 45

86081506 9 21 3N 1562E 24 145 262 726 60 0 1 5 15 40

86081512 10 227N 1559E 24 41 371 917 60 0 -10 15 35

8608,518 11 237N 1548E 13 208 562 980 65 -5 20 20

8608,600 '2 244N 1540E 16 208 695 1274 75 10 10 30 50

86081606 13 249N 1535E 16 156 636 1065 80 15 10 30 50

86081612 14 252N 1532E 17 231 654 1126 80 5 20 40 50

86081618 15 254N 1530E 28 290 715 1121 75 0 25 40 55

86081700 '6 257N 1529E 11 310 739 1071 70 0 20 35 55

% 86081706 '7 262N 153 3E 47 353 676 70 0 5 25

8608172 '8 265N 1544E 29 113 181 65 0 10 20

86081718 19 268N '554E 22 151 60 0 '5

8608'800 20 270N 1567F '2 236 60 0 '0

8608'806 2' 270N !577E 37 108 60 0 '0

86(60 *8'2 22 270N i58 7E '7 166 55 0 0

",86088' 23 270N 1598F 34 '89 55 0 0
8'08 30f0 24 27 'N 16' 2E 63 50

8608'E 6 25 275N 1625F 41 50

AVIPAU 24 180 447 774

#OF CASES 25 23 18 16
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Tropical Storm Vera#1 (11W)
DTG W# STLai BTLLon PosEr 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86081518 1 19.0N 129.4E 13 177 226 30 0 15 35
86081600 2 18.9N 129.6E 13 167 35 0 15
86081606 3 18.8N 129.8E 83 227 35 0 30
86081612 4 18.6N 129.9E 80 100 35 0 15
86081618 5 18.4N 129.9E 105 81 40 -5 15
86081700 6 18.2N 129.8E 17 40 0
86081706 7 17.9N 129.OE 65 30 10

A%43I4GE 54 150 226 ####
# OFCASES 7 5 1 0

Typhoon Vera#2 (11W)
010 W# STLat UT Lon Pos Er 24 Er 48 Er 72 Er ST Wn WW Er 24 WE 48 WE 72 WE

86081712 1 21.31 137.OE 69 151 215 583 30 10 0 0 -20
86081718 2 22.1N 137.4E 45 140 312 699 35 5 0 -5 -25
86081800 3 22.5N 137.6E 72 295 686 1021 40 0 -5 -25 -50
86081806 4 22.9N 137.7E 8 232 576 859 40 0 5 -25 -60
86081812 5 23.5N 137.9E 12 236 554 876 45 0 5 -30 -65
86081818 6 23.5N 137.4E 37 306 604 918 45 5 5 -30 -70
86081900 7 22.7N 137.9E 0 27 434 706 50 0 -10 -30 -65
86081906 8 22.6N 138.8E 50 297 484 734 50 0 -20 -40 -60
86081912 9 22.7N 140.1E 8 179 272 450 50 0 -20 -50 -60
86081918 10 22.4N 141.OE 8 151 194 353 55 0 -15 -50 -55
86082000 11 21.4N 141.5E 13 90 62 251 65 5 5 -10 0
86082006 12 21.3N 142.OE 27 64 134 388 70 5 -5 -10 5
86082012 13 21.3N. 142.5E 6 62 143 481 75 5 -10 -5 5
86082018 14 21.3N 143.OE 12 42 201 592 80 0 -15 -5 5
86082100 15 21.4N 143.4E 6 33 156 520 85 -5 -20 0 10
86082106 16 21.5N 144.1F 6 34 271 629 95 -5 -5 30 35
86082112 17 21.6N 144.7E 8 83 352 719 100 0 15 35 35
86082118 18 21.7N 145.2E 13 83 376 726 105 0 20 35 35
86082200 19 21.9N 145.6E 6 147 455 852 110 0 30 40 35
86082206 20 22.1N 145.7E 11 222 537 953 110 5 40 40 35
86082212 21 222N 145.4E 11 192 469 825 105 15 35 35 30
86082218 22 22.2N 145.0E 18 219 480 787 105 0 -15 -25 -30
86082300 23 22.2N 144.4E 6 126 401 666 100 0 -5 -15 -10
86082306 24 22.1N 143.4E 17 162 451 890 95 0 -10 -20 -20
86082312 25 222N 142.4E 0 45 226 322 95 0 0 -10 -20
86082318 26 222N 141.OE 0 39 212 289 95 0 -5 -10 -20
86082400 27 22.3N 140.0E 33 67 243 272 90 0 0 10 20
86082406 28 22.8N 138.7E 16 105 253 286 90 0 0 10 25
86082412 29 23.0N 137.2E 6 114 184 180 90 5 10 5 10
86082418 30 23.4N 135.3E 17 104 101 167 90 0 -5 -15 -5
86082500 31 23.9N 133.6E 13 92 61 214 90 0 -10 -15 -10
88082506 32 24.5N 132.OE 18 40 114 479 90 -10 -10 -10 -5
86082512 33 25.0N 130.3E 0 52 40 169 90 0 -15 5 15
86082518 34 25.5N 128.SE 12 100 63 188 85 0 -10 5 15
86082600 35 26.1N 127.5E 8 87 51 392 85 0 -5 5 20
86082606 36 26.7N 126.3E 13 72 128 311 85 0 0 10 30
86082612 37 27.3N 125.5E 21 59 133 90 0 5 20
86082618 38 27.9N 125.OE 16 86 18 85 0 5 20
86082700 39 28.A 124.SE 12 93 396 80 0 5 20
86082706 40 29.9N 124.2E 22 139 367 75 0 20 25
86082712 41 31.1N 124.3E 24 169 70 0 10
86082718 42 32.3N 124.7E 8 75 65 0 -5
86082800 43 33.7N 125.3E 36 405 65 -S 0
86062806 44 352N 1261E 12 247 60 -5 10
86082812 45 36.7N 127.1E 6 50 0
86082818 46 36.3N 128.&E 11 45 0
86082900 47 309N 1304E a 40 0
86082906 48 42.6N 132.SE 55 30 0

"..." 17 131 289 543
# OFCASES 48 44 40 36

Typiwo Wayne (12W)
0TG W# ST Let STLon Poe Er 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86081806 1 15ON 117E 12 115 212 374 35 0 -20 -15 -10
86081812 2 161N 116 SE 29 73 170 422 45 -10 -20 -5 15

86061818 3 164N 1159E 17 46 149 407 55 -10 .15 -5 -30
88081900 4 711N 1154E 13 53 227 472 60 0 5 5 -30
86081906 5 179W 1148E 6 42 273 65 0 15 -20
86081912 6 1844N 1142E 8 95 361 65 5 10 -50
86081918 7 190N 113SE 24 172 410 70 0 20 -60
66082000 8 197N 11331E 0 218 70 0 -5
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86082006 9 20.4N 113.6E 6 161 70 0 -50
86082012 10 21.1N 114-3E 13 149 65 0 -60

86082018 11 21.8N 115.1E 13 168 65 0 -55
86082100 12 22.3N 116.3E 17 65 199 322 70 -5 *20 -10 -10
86082106 13 22.8N 117.3E 13 65 197 443 75 -5 40 -5 0
86082112 14 23.2N 1184E 11 77 210 554 85 -15 -5 5 10
86082118 15 23.7N 119.3E 11 127 193 501 80 5 5 0 35
86082200 16 24.1N 120.4E 20 141 243 608 70 0 10 10 55
86082206 17 24.7N 121.7E 22 156 420 816 50 15 20 25 55
86082212 18 25.0N 123.0E 8 256 672 1069 50 20 25 40 65
86082218 19 24.9N 124.1E 30 338 783 1158 50 20 5 25 30
86082300 20 24.4N 124.7E 21 318 837 55 -10 -30 0
86082306 21 24.6N 125.2E 12 380 55 -10 -20
86082312 22 24.2N 124,6E 16 275 55 -15 -15

86082318 23 23.7N 1239E 13 80 60 -20 0
86082400 24 23.2N 123.5E 11 239 65 -20 0
86082406 25 22.6N 122.5E 32 208 55 -15 5
86082412 26 21.7N 121.4E 16 139 45 -10 0
86082418 27 21.4N 119.9E 30 35 -5
86082500 28 21.01N 118.7E 51 30 0
86082506 29 20.8N 117.6E 0 30 0
86082800 30 19.7N 120.2E 38 160 354 597 35 0 5 -5 -15
86082806 31 20.1N 120.6E 11 160 252 379 35 5 20 15 10
86082812 32 20.3N 120.9E 8 131 211 365 40 5 15 5 10
86082818 33 20.5N 121.OE 16 70 102 254 40 5 0 -10 0
86082900 34 20.6N 121.1E 6 6 40 168 40 0 -5 -25 0
86082906 35 207N 121.2E 33 99 193 374 40 0 -5 -10 -5

86082912 36 20.8N 121.3E 0 30 115 362 45 0 0 -10 -15
86082918 37 21.1N 121.4E 0 29 169 390 50 -5 -15 -5 -20
86083000 38 21.5N 121.8E 25 36 192 414 55 -5 -5 5 -10
86083006 39 21.7N 122.1E e 119 287 445 60 -5 -5 5
86083012 40 21.9N 1224E 6 126 331 497 65 -5 5 5 5

86083018 41 21.9N 122.6E 6 108 314 450 70 -5 20 15 35
86083100 42 21.9N 122.8E 6 119 340 477 70 5 30 25 30
86083106 43 21.8N 123.1E 6 138 337 504 75 5 25 25 30
86083112 44 21.6N 123.2E 6 116 310 497 75 5 5 20 35
86083118 45 21.4N 123.2E 6 145 319 539 70 5 0 20 20

86090100 46 21.1N 123.1E 13 119 267 482 70 5 -5 15 0
86090106 47 20.8N 122.7E 13 109 150 165 75 0 -10 0 -25
86090112 48 20.3N 122.5E 6 92 131 242 85 -5 -5 -5 -15

86090118 49 19.9N 122.2E 25 25 132 331 85 -5 0 -15 -10
86090200 50 19.5N 121.9E 12 21 46 254 85 0 15 -10 0
86090206 51 19.2N 121.7E 18 47 168 400 85 0 15 -5 0
86090212 52 19.1N 121.3E 12 53 235 440 80 0 5 -5 5

" 86090213 53 19.3N 120.7E 30 72 273 504 75 5 -5 0 10
86090300 54 19.0N 120.OE 6 62 270 531 70 0 -30 -15 5
86090306 55 18.5N 119.3E 24 121 323 593 70 0 -25 -15 20
86090312 56 18.4N 118.5E 0 138 269 75 -5 -5 10

86090318 57 18.4N 117.7, 8 88 187 85 -15 0 10
86090400 58 18.9N 11Fi.8E 6 107 304 90 0 5 20
86090406 59 19.4N 115.4E 8 111 411 85 0 -10 0
86090412 60 19.6N 113.7E 8 139 80 5 -35

86090418 61 19.6N 112.4E 0 91 75 5 -30
86090500 62 19.9P. 111.2E 6 170 70 5 -15
86090506 63 20 3N 109.8E 8 70 0
86090512 64 20.6N 1084E 8 65 0
86090518 65 20.3N 1067E 25 60 5
86090600 66 19.8N 104.9E 34 45 5
86090606 67 19.7N 103.2E 21 30 10

AVERGE 14 124 274 468
# OF CASES 67 59 46 38

Typhoon Abby (13W)
DTG WO BTLai BTLon PosEr 24 Er 48 Fr 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86091306 1 12.ON 146.2E 2_1 292 363 381 25 0 0 10 35

8609'312 2 126N 144.8E 12 271 267 202 30 0 0 15 35

86091318 3 13.4N 14256 F5 348 134 51 30 0 10 15 30

86091400 4 1433N 140.4E 13 42 36 153 35 -5 10 20

86091406 5 1511N 138.2E 48 6 79 207 35 -5 5 15 20

86091412 6 152N 136.0E 12 153 223 307 40 0 10 20 20

86091418 7 isBN 135.0E 24 126 214 295 45 -5 10 20 20

86091500 8 167N 1342E 12 25 48 157 50 0 5 0 10

85091506 9 177N 133 4E 33 29 94 187 55 5 0 -5 5
86091512 10 180N 122E 17 90 192 330 55 0 5 -5 -5

86091518 11 1833N 131 ?E 17 78 180 310 60 -5 5 0 -5

86091600 12 1888N 1303E 13 120 264 432 60 5 0 5 5
699 1606 13 1933N 1295E 41 133 224 313 65 5 -5 5 10

R 9 ' 2 14 1955N '2866 18 39 122 197 65 0 10 -10 5
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86091618 15 19.6N 127.8E 34 57 156 167 70 -5 -10 -5 15
86091700 16 198N 127.2E 6 74 140 74 75 0 -5 0 40

86091706 17 20.3N 126.6E 8 89 175 143 80 -5 -s 5 45
86091712 18 20.8N 125.8E 6 114 198 147 85 0 0 20 60
86091718 19 21.ON 125.1E 21 115 143 85 0 5 30
86091800 20 21.3N 124.3E 18 94 79 90 0 15 50
86091806 21 21.9N 123.6E 13 104 169 90 5 15 45
86091812 22 22.3N 122.9E 0 38 29 95 0 15 55
86091818 23 22.6N 122.1E 0 45 90 0 20

86091900 24 23.2N 121.5E 8 12 90 5 25
86091906 25 23.9N 121.2E 19 61 85 5 45
86091912 26 24.6N 121.3E 0 156 80 10 45

86091918 27 25.4N 121.4E 12 70 10
86092000 28 26.4N 121.8E 16 55 0
86092006 29 27.6N 122.5E 36 45 0
86092012 30 29.2N 123.7E 20 35 5

AVERAGE 19 104 160 225
EOFCASES 30 26 22 18

Typhoon Ben (14W)
OTG W# BTILat BTLon PosEr 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86091900 1 105N 160.4E 139 380 469 590 30 0 10 15 40
86091906 2 11.ON 159.8E 12 246 307 411 35 0 10 20 50

86091912 3 11.8N 159.4E 49 234 222 242 35 0 10 15 50
86091918 4 12.8N 159.1E 57 174 156 197 35 0 5 20 45

% 86092000 5 13.8N 158.7E 17 18 80 142 40 0 5 25 40

• 86092006 6 151N 157.9E 31 91 59 19 45 0 15 35 35
% 86092012 7 15.8N 156.6E 0 108 294 311 45 5 15 50 45

86092018 8 16.1N 155.3E 39 197 355 345 50 5 25 50 40
86092100 9 16.3N 154.1E 13 150 213 161 55 5 35 50 40
86092106 10 16.4N 153.2E 29 167 167 130 55 10 40 45 30
86092112 11 16.5N 152.7E 50 156 109 86 60 10 45 40 25
86092118 12 16.6N 152.2E 68 154 100 95 55 15 35 20 0
86092200 13 16.7N 151.7E 8 64 116 91 50 10 5 -10 -20

86092206 14 16.7N 151.3E 12 121 162 108 45 10 5 -15 -15
86092212 15 16.8N 150.7E 6 153 183 87 45 5 -5 -25 -10
86092218 16 16.9N 149.9E 13 173 191 114 50 5 -10 -30 -10
86092300 17 17.2N 148.7E 13 30 50 174 55 10 5 -20 10

86092306 18 17.5N 147.3E 26 67 119 291 60 10 0 5 10

86092312 19 17.8N 146.OE 13 51 125 287 70 5 -10 -5 20
86092318 20 18.ON 144.8E 11 57 154 291 80 0 -15 -5 20
86092400 21 18.4N 143.7E 13 21 127 268 85 5 -10 15 35
86092406 22 18.7N 142.7E 18 62 200 336 95 0 0 25 40

86092412 23 19.2N 1417E 18 102 227 364 105 0 20 40 35
86092418 24 194N 140.8E 18 102 253 386 115 0 25 45 40
86092500 25 19.7N 140.OE 6 51 191 317 120 5 20 20 20

86092506 26 20.ON 139.4E 6 84 230 447 115 5 10 5 10

86092512 27 20.5N 139.1E 12 89 245 339 110 0 5 0 -5
86092518 28 20.8N 138.8E 18 84 243 369 110 -5 0 5 -5

86092600 29 ?1.2N 138.7E 6 62 105 122 105 0 -5 -10 -10
86092606 30 214N 138.7E 8 69 98 239 100 0 -5 -10 -5
86092612 31 21.6N 138.7E 8 115 295 547 95 5 -5 -20 -30
86092618 32 21.9N 138.9E 6 90 257 451 95 5 -10 -20 -35
86092700 33 222N 139.2E 11 93 300 95 0 -10 -20

86092706 34 22.6N 139.4E 13 54 280 95 -5 -15 -20
86092712 35 23.2N 139.8E 16 128 371 90 -5 -20 -15
86092718 36 23.9N 140.2E 13 163 346 90 -5 -15 -15

86092800 37 24.8N 140.7E 13 62 138 85 0 -15 -10

86092806 38 26.1N 1414E 12 115 214 85 -5 -10 -10
86092812 39 27.4N 142.1E 13 163 85 0 -10
86092818 40 29.ON 142.7E 13 95 80 0 -15
86092900 41 30.8N 143.5E 24 60 75 0 -5
86092906 42 32.7N 144.8E 16 41 70 0 0
86092912 43 34.5N 146.6E 24 65 5
83092918 44 36.ON 148.7E 49 65 0
86093000 45 37.4N 151.1E 20 55 5
86093006 46 38.9N 154.1E 9 50 0

AVERAGE 22 112 204 261

I OF CASES 46 42 38 32

Typhoon Carmen (15W)
UTR3 W# BTLat BTLon PosEr 24 Er 48 Er 72 Er BTWn WW Er 24 WE 48 WE 72 WE

86100200 1 10.9N 152.9E 85 139 173 254 35 -5 0 5 5
86100206 2 114N 1513E 49 126 208 264 40 -5 10 5 5
86100212 3 120N 150.7E 31 102 145 193 40 5 15 15 5
86100218 4 12.7N 149.5E 42 99 109 125 45 -5 15 10 5

180

. . .. . . . .. . . . .
", o ." ' % "* " % "% '- • o "- - -,.-.--.. % "- - " - - ", - " "-...- "- ".. . . .."- . . ..-" - "= " - - %", % I '' = %



86100300 5 13.31 148.2E 8 8 29 21 45 5 15 15 20
86100306 6 13.8N 146.8E 6 21 48 45 45 10 15 10 25
86100312 7 14.3N 145.5E 8 13 54 81 50 10 20 5 25
86100318 8 14.8N 144.2E 8 19 83 63 55 5 10 0 25
86100400 9 15.5N 143.2E 6 48 115 47 60 5 5 10 35
86100406 10 16.1N 142.3E 18 102 146 43 65 0 -5 5 25
86100412 11 16.7N 141.7E 6 72 71 152 65 5 -5 15 25
86100418 12 17.3N 140.9E 13 70 34 266 75 0 -5 20 20
86100500 13 17.9N 140.2E 6 51 16 300 85 -10 5 10 -5
86100506 14 18.6N 139.5E 0 37 55 324 90 -5 10 0 -5
86100512 15 19.2N 138.8E 0 6 165 417 95 -5 15 0 5
86100518 16 19.7N 138.3E 8 41 294 100 -5 15 0
86100600 17 20.4N 138.OE 6 85 315 95 0 5 -10
86100606 18 21.3N 137.8E 25 129 361 90 5 0 -10
86100612 19 224N 137.8E 8 21 246 85 5 -15 -15
86100618 20 23.5N 138.OE 16 74 85 0 -20
86100700 21 24.5N 138.5E 6 192 80 0 -20
86100706 22 26.5N 139.5E 18 171 80 0 -20
86100712 23 28.7N 140.8E 12 308 80 0 -15
86100718 24 31.0N 142.OE 0 80 -10
86100800 25 33.3N 143.2E 12 80 -5
86100806 26 354N 144.8E 0 70 -5
86100812 27 37.4N 146.8E 15 60 0

AVERAGE 15 84 140 173
# OF CASES 27 23 19 15

Tropical Storm Dom (16W)
DTG WO STLat ETLon PosEr 24 Er 48 Er 72 Er BTWn WWm 24WE 48WE 72WE

86100900 1 15.4N 114.9E 6 25 12 29 40 5 25 30 25
86100906 2 16.0N 114.OE 12 24 34 40 10 30 15

86100912 3 16.3N 113.3E 27 32 50 45 0 5 5
86100918 4 16.6N 112.6E 79 137 144 45 -5 .5 -10
86101000 5 16.8N 111.7E 76 104 40 0 -5
86101006 6 17.0N 110.9E 42 42 40 5 0
86101012 7 17.1 N 110.E 12 17 35 5 5
86101018 8 17.2N 109.3E 6 160 35 0 0
86101100 9 17.3N 108.5E 6 54 35 0 -5
86101106 10 17.3N 107.7E 8 35 0
86101112 11 17.4N 106.9E 0 30 0

AVERAGE 25 66 60 29
# OF CASES 11 9 4 1

Typhoon Ellen (17W)
DTG W# STLat BTLon PosEr 24 Er 48 Er 72 Er BTWn WWER 24 WE 48WE 72WE I'.

86101100 1 10.8N 126.6E 8 132 185 217 45 0 5 -10 -10
86101106 2 11.2N 1251E 22 119 139 213 45 5 5 -10 -10
86101112 3 11.6N 123.7E 13 49 80 144 45 0 0 0 -5
86101118 4 12.0N 122.3E 19 42 121 194 40 0 0 -5 -5
86101200 5 12.6N 121.1E 23 48 125 166 40 0 0 -5 5

86101206 6 13.2N 120.OE 17 73 182 228 40 5 0 0 10
86101212 7 13.9N 119.3E 32 158 225 302 45 -5 0 -5 15
86101218 8 14.5N 118.7E 60 199 264 320 50 -5 5 5 10
86101300 9 15.1N 118.2E 8 84 118 170 55 -5 0 15 10
86101306 10 15.5N 118.0E 19 95 124 161 60 0 5 15 10
86101312 11 15.9N 118.OE 13 29 61 140 60 0 0 20 15
86101318 12 16.4N 118.OE 8 6 59 185 65 0 5 20 15
86101400 13 16.9N 118.OE 6 49 108 299 70 0 10 5 5
86101406 14 17.4N 118.OE 0 83 202 425 75 0 5 5 0
86101412 15 17.8N 117.3E 35 107 272 516 80 0 10 5 0
86101418 16 17.9N 117.6E 25 95 287 520 80 -5 -5 -10 -10
86101500 17 18.0N 117.4E 6 18 130 253 75 0 -10 -5 5
86101506 18 18.3N 117.3E 6 36 147 286 75 0 -5 -5 10
86101512 19 18.6N 117.2E 6 97 235 447 70 0 0 0 10
86101518 20 18.8N 117.1E 6 99 226 469 70 -5 -10 -5 5
86101600 21 19.0N 116.8E 17 120 225 466 75 0 0 5 10
86101606 22 19.2N I16.5E 6 101 237 70 5 0 10
86101612 23 19.4N 116.OE 0 25 25 65 0 -5 5
86101618 24 19.7N 115.4E 8 40 22 65 0 -5 10

86101700 25 20.1N 114.9E 0 109 187 65 0 -5 5
86101706 26 20.4N 114.6E 6 52 65 0 0
86101712 27 20.7N 1142E 19 34 60 0 0
86101718 28 20.9N 113.9E 6 41 55 0 5
86101800 29 21.1N 113.SE 0 123 50 0 10
86101806 30 21.1N 113.1E 8 45 5
86101812 31 21.1N 112.6E 0 40 5
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86101818 32 21.N 112.OE 6 35 5
88101900 33 20.1N 11.E 66 30 5

ANAV40 E 14 78 159 291
# OF CASES 33 29 25 21

Typhoon Forrest (18W)
DrG WO STI at STLon PosEr 24 Er 48 Er 72 Er STWn WWFIR 24 WE 48 WE 72 WE

86101518 1 15.6N 153.6E 52 151 138 57 55 -25 -35 -15 0

86101600 2 16.3N 151.9E 8 91 34 141 60 5 -15 10 25

86101606 3 16.9N 150.2E 24 79 38 164 65 5 -25 10 30

86101612 4 17.5N 148.3E 6 80 169 226 70 5 0 10 25

86101618 5 18.2N 146-8E 18 135 251 247 90 -5 10 20 30

86101700 6 18.N 145.3E 0 67 223 657 100 -5 25 25 35

86101706 7 19.4N 144.3E 0 64 290 869 110 -10 20 25 40

86101712 8 20.IN 143.3E 6 84 352 1060 95 0 -5 0 25

86101718 9 20.6N 142.7E 8 76 426 90 5 -15 -10
86101800 10 21.2N 142.2E 6 83 557 90 0 -15 -10
86101806 11 21.7N 142.2E 8 135 738 90 -5 -15 0

% 86101812 12 222N 142.3E 6 198 927 90 -5 -10 15

86101818 13 22.7N 142-5E 17 356 90 -5 -5
86101900 14 23.5N 143.3E 13 444 85 -5 0
86101906 15 24.4N 144.7E 8 512 80 0 0

86101912 16 25.8N 146.7E 37 580 75 0 15

86101918 17 27.8N 149.3E 40 70 -10

86102000 18 31.1N 152.9E 62 65 -10

86102006 19 34.3N 1567E 16 55 -5

AAffV4GE 18 196 345 427

, OF CASES 19 16 12 8

Tropical Storm Georgia (19W)
DTG W# OTi at 8TLon PosEr 24 Er 48 Er 72 Er OTWn WWER 24 WE 48 WE 72WE

86101806 1 11.5N 127.3E 6 106 264 388 45 -10 10 -15 -5
86101812 2 12.0N 126.2E 6 111 227 381 50 -5 -5 -15 .5

86101818 3 12.3N 125.2E 19 175 297 442 55 -10 -10 -15 -5
86101900 4 12.5N 124.2E 23 158 288 491 50 0 -10 10 30

86101906 5 12.8N 123.OE 6 113 296 454 40 0 -5 5 45

86101912 6 13.1N 121.OE 12 89 271 410 35 0 5 15 40

86101918 7 13.2N 119.4E 26 102 387 433 40 0 10 15 25

86102000 8 13.4N 118.1E 19 18 72 214 45 0 10 25 30

86102006 9 13.7N 117.1E 0 47 71 45 0 5 35

86102012 10 14.0N 115.9E 0 87 155 45 0 5 40

86102018 11 14.1N 114.6E 17 104 174 45 0 5 45

86102100 12 14.3N 113.2E 6 50 207 45 0 15 30

86102106 13 14.5N 110.0E 6 59 50 0 25

86102112 14 14.9N 110.OE 6 64 50 0 20

86102118 15 15.2N 108.8E 6 50 0

ANER, aE10 92 226 402

SOF CASES 15 14 12 8

Tropical Storm Herbert (20W)
DTG W# BTLat 1TLon PosEr 24 Er 48 Er 72 Er BTWn WWER 24 WE 48WE 72WE

86110800 1 13.1N 119.9E 13 48 26 101 35 -5 -10 0 11

86110806 2 13.4N 119.OE 12 46 63 158 40 -5 -10 5 15

86110812 3 13.9N 118.2E 35 155 225 299 45 -I0 -5 15 25

86110818 4 14.2N 117.6E 42 180 209 311 50 -10 -5 20 30

86110900 5 14.2N 116.9E 8 135 192 55 0 10 15

86110906 6 14.ON 116.2E 38 106 182 60 0 5 20

86110912 7 13.8N 115.5E 24 72 84 60 -5 10 30

86110918 8 13.7N 114.8E 18 44 57 60 -5 15 30

86111000 9 13.6N 114.OE 13 25 55 5 20

86111006 10 13.6N 113.1E 0 37 55 5 25

86111012 11 13.6N 112.2E 13 126 50 0 -5

86111018 12 13.7N 111.7E 107 45 -5

86111100 13 13.8N 111.2E 59 45 -5

86111106 14 13.9N 1I10.6E 13 40 0

86111112 15 14.2N 110.1 E 13 35 0

86111118 16 14.4N 109.4E 6 30 0

AVEPAGE 26 89 130 217

#OFCASES 16 11 8 4
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Tropical Storm Ida (21W)

DTG We STLat 8T Lon PosEr 24 Er 48 Er 72 Er BTWn WER24WE 48 WE 72 WE

8111018 1 6.0N 133.5E 78 99 77 166 30 5 20 5 5
86111100 2 6.4N 132.6E 67 32 128 263 30 5 15 10 -5
86111106 3 6.8N 131.6E 37 60 201 259 25 10 10 15 0
88111112 4 7.4N 130.5E 18 72 237 322 30 5 5 15 5
86111118 5 8.0N 129.4E 6 102 232 373 35 5 5 10 15
86111200 6 8.6N 128.2E 8 88 165 341 40 5 0 10 5
88111206 7 9.2N 127.1E 30 118 186 384 45 5 5 5 10
86111212 8 9.9N 126.1E 6 157 244 366 45 5 10 5 20
86111218 9 10.7N 124.9E 17 155 246 373 40 5 5 15 30
86111300 10 11.8N 123.7E 48 127 223 331 35 5 0 0 40
86111306 11 12.8N 122.2E 32 18 120 395 30 5 5 10 45
86111312 12 13.4N 12).6E 6 87 278 30 5 5 20
86111318 13 13.8N 119.2E 21 107 385 35 5 15 30
86111400 14 14.0N 118.OE 6 134 379 40 5 0 35
86111406 15 14.71 116.8E 13 173 436 45 0 10 45
86111412 16 15.714 115.9E 32 230 45 5 15
86111418 17 16.7N 115.1E 66 248 40 10 15
86111500 18 17.8N 114.2E 13 288 55 0 20
86111506 19 18.5N 113.9E 11 346 50 5 15

, 86111512 20 19.5N 114.2E 68 45 0

86111518 21 20.2N 115.OE 102 35 5
86111600 22 20.0N 116.OE 23 30 10

AUWX 32 139 236 325
* OF CASES 22 19 15 11

Typhoon Joe (22W)
DTG WO BLat BTLon POEr 24 Er 48 Er 72 Er BTWnWWE]R24WE 48WE 72WE

86111818 1 13.6N 128.0E 12 87 56 177 40 -10
86111900 2 13.7N 127.1E 12 59 242 508 45 -5
86111906 3 13.8N 126.1E 13 109 307 579 so 0
86111912 4 14.3N 125.4E 8 134 291 424 55 0
S86111918 5 14.80 124.8E 21 184 351 453 60 0
86112000 6 15.4N 124.4E 6 80 107 95 65 0
86112006 7 1MIN 124.2E 19 59 25 271 60 10
86112012 8 16.7N 124.1E 8 137 474 940 75 0
86112018 9 17.4N 123.9E 18 137 476 80 0
86112100 10 18.1N 123.9E 6 132 545 90 0 -25 -30
86112106 11 18.9N 123.9E 6 177 623 100 0 -25 -30
86112112 12 19.6N 123.9E 8 200 668 100 0 0
8611211g 13 20.2N 124.OE 0 203 751 100 0 0
86112200 14 20.7N 124.1E 6 177 737 90 0 -5 -25
86112206 15 21.2N 124.2E 18 440 1025 85 0 -10 -10
86112212 16 21.6N 124.4E 6 221 773 75 0 .5 .5
86112218 17 22.1N 1246E 8 244 824 70 0 -5 0
86112300 18 29.5N 124.9E 13 281 866 70 0 -10 0
86112306 19 2.9N 125.1E 24 222 65 0 15
86112312 20 23.3N 125.5E 13 122 60 -5 5
86112318 21 23.7N 125.9E 8 197 55 -5 10
86112400 22 24.0N 126.3E 18 129 55 0 0
86112406 23 24.3N 1.8GE 6 40 5
86112412 24 24.5N 127.3E 30

R.MOE 12 169 508 431
OFCASES 24 22 18 1

Isaper Typhoon Kim (2W)
rOTG We OT La UrLon Po Er 24 Fr 48 Er 72 Er BTU V4WE]R24 WE48WE 72WE

86112806 1 7.9N 162.9E 19 60 148 274 40 -10 -10 -5 5
86112812 2 8.4N 161.8E 6 47 182 378 45 -5 -5 5 0
86112818 3 88 16O 6 92 234 423 so -5 -5 5 0
86112900 4 9.1N 159.4E 6 40 246 423 so 0 10 25 10
86112906 5 9.3N 158.4E 6 69 249 3 65 5 10 15 5
86112912 6 9.4N 157.5E 18 101 301 475 70 10 20 5 0
86112118 7 9.7 156.9E 43 153 318 4386 75 10 20 5 -5
86113000 8 10.1N 155.OE 35 148 293 374 80 5 25 0 -5
86113006 9 10.7N 155.2E 21 162 249 322 80 10 20 0 5
86113012 10 11.4N 154.3E 19 142 214 258 80 10 0 -5 -5
86113018 11 12.1N 153.6E 25 153 199 252 85 10 0 .5 .5
86120100 12 13.1N 12.8E 6 48 210 403 85 0 -35 -60 -50
86120106 13 14.0N 15.2E 6 108 287 475 95 -5 -35 -50 -45
86120112 14 14.7N 151.4E 8 145 305 414 110 10 -25 -35 -45
88120118 15 15.2N 150.6E 17 170 378 502 115 -5 -25 -20 -25
86120200 16 15.6N 149.K 13 136 323 394 120 -5 -10 0 0
86120206 17 15.6N 149.E 21 141 287 374 125 .5 .5 .5 5
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86120212 18 15.SN 148.2E 12 133 264 420 130 0 -5 -10 10
86120218 19 15.5N 1474E 12 64 70 213 135 0 10 5 25
86120300 20 15.SN 146.SE 0 72 100 141 135 0 15 5 10

-: 86120306 21 15.5N 145.4E 0 44 185 207 130 5 0 0 -5
86120312 22 15.5N 144.2E 0 84 140 204 125 0 -15 5 -10
86120318 23 15.7N 143.OE 0 63 115 255 120 0 -15 5 -15
86120400 24 15.9N 141.9E 8 124 221 393 120 0 -5 10 -25
86120406 25 16.5N 141.1E 8 108 217 414 120 0 5 5 -20
86120412 26 174N 140.8E 42 61 299 703 120 0 20 5 -30
86120418 27 17.6N 1404E 31 99 368 788 115 0 15 -10 -25
86120500 28 1755N 140.1E 25 193 640 1182 110 -5 5 -35 -20
s6120506 29 17.5N 139.9E 11 248 719 1218 100 0 0 -30 -15

86120512 30 17.5N 139.6E 25 286 700 1260 90 0 -10 -30 -15
86120518 31 17.4N 138.9E 27 248 642 1162 85 0 -20 -25 -20
86120600 32 17-2N 138.1E 12 115 70 80 -5 -45
86120606 33 172N 137 1E 34 130 322 85 -15 -45
86120612 34 17.1N 136.1E 6 97 388 90 -15 -45 -35
86120618 35 17.2N 135.1E 8 76 341 95 -15 -25 -30
86120700 36 17.3N 134.2E 12 89 263 100 -10 -15 -25
86120706 37 17.3N 133.4E 12 107 233 95 -10 -10 -20
86120712 38 17.2N 132.9E 12 174 305 90 -10 -10 -20
86120718 39 16.9N 132.7E 32 166 303 80 0 -10 -15
86120800 40 16.6N 132.6E 18 81 160 75 -5 -10 -15
86120806 41 16.2N 132.5E 6 91 235 70 -5 -10 -10
86120812 42 15.9N 132.4E 6 109 235 65 -5 -15 -5
86120818 43 15.9N 132.6E 24 115 254 65 -5 -15 -5
86120900 44 16.1N 132.6E 0 80 282 60 0 0 5
86120906 45 16.1N 132-3E 12 102 252 55 5 5 5

0 86120912 46 16.2N 132.1E 6 54 199 55 0 0 10
86120918 47 16.3N 132.OE 13 109 233 50 5 5 10
86121000 48 16.3N 131.9E 6 83 219 50 0 10 10
86121006 49 16.5N 131.8E 17 118 285 45 5 10 10
86121012 50 167N 131.6E 8 135 295 40 5 10 5
86121018 51 17.3N 131.3E 30 121 288 35 5 5 5
86121100 52 17.8N 131.1E 12

AVEPAGE 15 116 280 488

# OF CASES 52 51 51 31

Tropical Storm Lox (24W)DTG W# BTLat OTLon PosEr 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE

86120318 1 8.1N 163.OE 25 106 150 199 30 0 -5 40 65
86120400 2 8.1N 162.1E 48 133 119 251 35 0 20 45 60
86120406 3 8.3N 161.3E 18 90 133 509 40 0 30 45 60
86120412 4 8.7N 160.5E 35 108 124 451 40 5 35 55 70
86120418 5 9.4N 159.6E 32 30 166 496 35 10 30 50 65
86120500 6 9.8N 158.7E 13 40 199 465 35 10 30 45 65
86120506 7 10.2N 157.5E 8 42 432 543 30 10 20 30 40

86120512 8 10.6N 156.4E 95 30 -5

AVERAGE 34 78 189 416
SOF CASES 8 7 7 7

Typhoon Marge (25W)
DTG W# BTLat RTLon Pos Er 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE

86121406 1 73N 1600E 48 156 215 119 30 0 15 15 20

86121412 2 70N 1586E 0 125 163 136 30 0 10 5 40

86121418 3 72N 1573E 36 112 152 101 30 0 -5 -15 5
86121500 4 7.3N 1559E 185 346 427 337 30 0 0 -15 0
86121506 5 77N 154.6E 223 404 449 379 35 0 -15 -20 0
86121512 6 82N 1533E 42 90 112 102 40 0 -25 -20 0
86121518 7 8.5N 1520E 64 110 161 131 45 0 -15 -5 5
86121600 8 8.9N 150,7E 13 24 165 207 50 0 -10 5 10
86121606 9 93N 1495E 42 173 303 303 55 0 5 15 10
86121612 10 9.7N 148,4E 21 140 243 249 65 0 5 15 10
86121618 11 10.2 N 1472E 24 155 214 159 70 0 5 15 0
86121700 12 104 N 1462E 12 89 104 64 75 0 5 15 0
86121706 13 10.5 N 145 3E 12 67 95 90 70 0 10 15 5
86121712 14 106N 1447E 24 60 53 192 70 0 10 10 10

.' 86121718 15 108N 1440E 19 96 122 297 70 0 10 0 0
86121800 16 106N 143.2E 0 59 162 453 70 0 5 -5 0
86121806 17 105N 142.OE 17 50 210 462 70 0 5 -10 10
86121812 18 105N 140.9E 12 49 233 449 70 0 0 -5 15
86121818 19 105N 1400E 17 72 304 453 70 0 -10 -5 25
86121900 20 108N 139.2E 8 55 337 427 70 0 -10 -5 35
86121906 21 11 1N 1380E 6 104 352 431 75 5 .15 5 45
86121912 22 116N 1368E 13 193 396 485 80 .5 10 10 45
86121918 23 120N 1354E 36 282 443 486 90 -15 .5 25 50
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86122000 24 11 5N 1343E 40 284 399 326 90 15 5 35 55
86122006 25 109N 1331E 22 263 377 274 95 10 15 55 60
86122012 26 101N 1327E 22 199 344 370 90 0 20 50 50
86122018 27 98N 130 1E 6 98 184 90 0 25 35
86122100 28 9 2N 128 5E 6 62 49 90 0 20 25
86122106 29 93N 1269E 6 61 114 80 10 30 25
86122112 30 97N 1254E 19 24 123 75 5 25 25
86122118 31 10ON 1238E 13 40 60 10 20
86122200 32 101N 1220E 6 114 50 0 5
86122206 33 10 3N 121 1E 0 121 40 5 0
86122212 34 107N 1203E 6 40 0

% 86122218 35 11 1N 119 SE 25 40 0
86122300 36 11 6N 1189E 40 35 0
86122306 37 121N 1182E 31 35 0
86122312 38 123N 1174E 6 30

AVERAE 29 130 233 288
# OF CASES 38 33 30 26

Typhoon Norris (26W)
.TG wo BTLat BTLon Pos Er 24 Er 48 Er 72 Er BTWn WWER 24 WE 48 WE 72 WE

* 86122118 1 86N 1669E 84 202 307 345 30 0 10 10 20
86122200 2 89N 1662E 35 102 178 74 30 0 10 10 25
86122206 3 92N 1655E 22 78 115 55 30 0 10 10 20
86122212 4 97N 1645E 31 107 181 231 30 0 0 5 10
86122218 5 l01N 1635E 24 82 138 168 30 0 0 10 15
86122300 6 106N 1625E 18 30 124 169 30 5 5 5 15
86122306 7 11 ON 161 5E 19 109 242 244 30 5 5 10 25
86122312 8 11 4N 1602E 47 174 314 282 35 0 5 10 10
8' 86122318 9 11 5N 1593E 0 86 189 188 40 .5 10 15 15
86122400 10 11 5N 1583E 12 90 128 188 40 0 10 10 10V 86122406 11 11 6N 1568E 26 114 151 244 40 0 0 0 10
86122412 12 115N 155.i E 13 107 91 217 40 0 0 5 -10
86122418 13 11 3N 1539E 19 88 88 203 40 0 5 0 10
86122500 14 108N 1528E 19 25 118 213 40 0 -5 10 15
86122506 15 10.3N 1516E 53 65 153 218 45 0 0 15 20
86122512 16 101N 1502E 13 145 158 183 45 0 5 15 25
86122518 17 102N 1492E 36 168 182 156 45 0 5 10 30
86122600 18 10.5N 1484E 12 76 148 106 50 0 0 -5 20
86122606 19 10,9N 1473E 6 76 141 117 50 0 5 10 20
86122612 20 114N 1462E 8 54 89 265 55 0 0 -10 10
86122618 21 11 7N 144.8E 6 13 140 343 55 0 0 15 5
86122700 2) 117N 1435E 6 53 135 358 60 0 0 -15
86122706 2j 118N 1422E 6 88 220 384 65 0 5 10 5
86122712 24 12.2N 140.8E 8 123 300 470 65 0 0 0 10
86122718 25 125N 1396E 6 135 339 447 65 5 5 5 20
86122800 26 131N 1389E 0 159 401 470 70 0 -15 0 20
86122806 27 136N 138.3E 19 182 457 748 75 0 20 10 10
861228:2 28 139N 137.8E 6 164 498 836 80 0 5 15 35
86122818 29 138N 137.5E 12 217 578 1002 85 0 5 is 30
86122900 30 137N 1373E 0 161 397 679 90 0 5 25 40
86122906 31 132N 136.9E 13 207 449 741 90 0 10 30 45
86122912 32 127N 1364E 19 210 449 85 0 15 40
86122918 33 11 9N 1356E 35 227 469 80 0 20 35
86123000 34 11 2N 1345E 0 155 387 80 0 10 25
86123006 35 105N 1332E 25 176 431 75 0 10 25
86123012 36 10ON 131,8E 13 79 70 0 20
86123018 37 10ON 1301E 6 127 60 0 5
86123100 38 10ON 128.3E 0 102 55 0 5
86123106 39 10ON 1267E 6 65 50 0 10
86123112 40 102N 125.1E 0 40 0
86123118 41 104N 1233E 0 35 0

AVERAGE 17 118 254 334
# OF CASES 41 39 35 31
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APPENDIX I

DEFINITIONS

BEST TRACX A subjectively smoothed path. SIGNIFICANT TROPICAL CYCLNNE A tropical
versus a precise and very erratic fix-to-fix path, cyclone becomes "significant" with the Issuance of
used to represent tropical cyclone movement. the first numbered warning by the responsible warning

* agency.
L..fITP - The vertical axis or cone of a tropical

cyclone.T sual ly determined by wind, temperature, SUPER TYPHOON/HURRICANE - A typon/hurricane in
and/or pressure distribution, which "the maximun sustained surface wind (one-minute

mean) is 130 kt (67 m/s) or greater.
CYCIE - A closed atmospheric circulation

rotat-n"about an area of low pressure TROPICAL CYCLONE - A non-frontal low-pressure
'counter-clockwise in the northern hemlsptere). system o usually synoptic scale developing over

tropical or subtropical waters and having a definite
EPHEMERIS - Position of a body (satellite) in organized circulation.

" space as a function of time; used for gridding
- satellite imagery. Since ephemeris gridding is based TROPICAL CYCLONE AIRCRAFT RECOAISSANCE

* ~solely on the predicted position at the satellite, it X]DN U-AUSIPAFreestaiedigtd
* is susceptible to errors from vehicle pitch., orbital to levy tropical cyclone aircraft weather

eccentricity, and the oblateness of the earth, reconnaissance units within a designated area of the
PACOM and to runction as coordinator betweer.

E(PUnSIVE DEEPEING - A decrease in the mainim USCIINCPACAF and the appropriate tyhoon/hurricane
, sea-level pressure oT a tropical cyclone of 2.5 mb/br warning center.

for 12 hours or 5.0 mb/hr for six hours (ATR 1971).
TROPICAL DEPRESSION - A tropical cyclone in

EXTRATROPICAL - A term used in warnings and which the maxinm sustained surface wind Cone-minute
tropical suimares to indicate that a cyclone has mean) is 33 kt (17 m/s) or less.
lost its "tropical" characteristics. The term
Imples both poleward displacement from the tropics TROPICAL DIM MANCE - A discrete system of
and the conversion of the cyclone's primary energy apparently organized convection - generally 100 to
sources from release of latent heat of condensation 300 nm (185 to 556 km) in diameter - originating in
to barocl inic processes. The term carries no the tropics or subtropics, having a non-frontal
IJlM1ication as to strength or size. migratory character, and having maintained its

identity for 12- to 2-hours. It may or may not be
EYE - A term used to describe the central area associated with a detectable perturbation of the wind

at a-tropcal cyclone when it is ore than halt the field. As such, it is the basic generic designation

surrounded by wall cloud, which, in successive stages of intensification. may
be classified as a tropical depression, tropical

FUJrDiARA EFFECT - An interaction in which storm or typhoon (hurricane).
troplcal cyclones within about 700 ru (1296 ft) of
each other begin to rotate about one another. When TROPICAL STOWM - A tropical cyclone with maximum
Intense tropical cyclones are within about 400 nm sustained surface winds (one-minute mean) in the
(741 Kn) o each other, they may also begin to move range of 34 to 63 kt (17 to 32 m/s) inclusive.
closer to each other.

TROPICAL UPPR-1OPISPHERIC TROUGH (TIUIT) - A
MAXIM JM SUSTAINED WIND - Highest surface wind dominant climatological system (-pper-level trough)

speed averaged over a one-minute period of time. and a daily synoptic feature, of the su r season
Peak ists over water average 20 to 25 percent higher over the tropical North Atlantic, North Pacific and
than sustained winds. South Pacific Oceans.

RAPID DEEPEING - A decrease in the miniumn TYPHOON/HURRICANE - A tropical cyclone in which
sea-level pressure of a tropical cyclone of 1.25 the maximum sustained surface wind wind (one-minute
Ab/hr for 24-hours (ATR 1971). mean) is 64 kt (33 m/s) or greater. West of 180

degrees they are called hurricanes. Foreign
RECXIVATURE - The turning o a tropical cyclone goverTments use these or other terms for tropical

*ren an initial path toward the west or northwest to cyclones and may apply different intensity criteria.
a path toward the northeast.

WALL CLOUD - An organized band of cu~mliform
clouds Mieditely surrounding the central area of a
tropical cyclone. The wall cloud may entirely
enclose or partially surround the center.
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APPENDIX II
NAMES FOR TROPICAL CYCLONES

Column 1 Column 2 Column 3 Column 4

ANDY ABBY ALEX AGNES
BRENDA BEN BETTY BILL
CECIL CARMEN CARY CLARA
DOT DOM DINAH DOYLE
ELLIS ELLEN ED ELSIE
FAYE FORREST FREDA FABIAN
GORDON GEORGIA GERALD GAY
HOPE HERBERT HOLLY HAL
IRVING IDA IAN IRMA
JUDY JOE JUNE JEFF
KEN KIM KELLY KIT
LOLA LEX LYNN LEE
MAC MARGE MAURY MAMIE
NANCY NORRIS NINA NELSON
OWEN ORCHID OGDEN ODESSA
PEGGY PERCY PHYLLIS PAT
ROGER RUTH ROY RUBY
SARAH SPERRY SUSAN SKIP
TIP THELMA THAD TESS

* VERA VERNON VANESSA VAL
. WAYNE WYNNE WARREN WINONA

NOTE:

Names are assigned in rotation, alphabetically. When the last
name (WINONJA) has been used, the sequence will begin again with "ANDY".

Source: CINCPACINST 3140.1 (series)
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APPENDIX IV
,' PAST ANNUAL TROPICAL CYCLONE REPORTS

Copies of the past Annual Tropical Cyclone/'lyphoon Reports
can be obtained through:

National Technical Information Service
.5285 Port Royal Road

Springfield, Virginia 22161

Refer to the following acquisition nurbers when ordering:

YEAR ACQUISITIONUMBER

- 1959 AD 786147
1960 AD 786148
1961 AD 786149
1962 AD 786128
1963 AD 786208
1964 AD 786209
1965 AD 786210
1966 AD 785891

e. 1967 AD 785344
1968 AD 785251
1969 AD 785178
1970 AD 785252
1971 AD 768333
1972 AD 768334
1973 AD 777093

1974 AD 010271
* 1975 AD A023601

%" 1976 AD A038484
1977 AD A055512
1978 AD A070904
1979 AD A082071

. 1980 AD A094668
% 1981 AD A112002

1982 AD A124860
* 1983 AD A137836

1984 AD A153395
1985 AD A168284
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